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ABSTRACT 



. ?Phe report describes in detail the Electronics 

Technology Curriculum Development Projedt, o a two-year electronics 
technology program with six core courses (three in circuit analysis 
and thr^e in fundamentals . of electronics) and an introduction to. 
electronics technology course. Two chapters present the operation, 
scop^', and objectives of the ^project and include discussions of the 
feurriculum structure and its supporting philosophy. Three chapters 
n40 double-column pages) comprise a curriculum guide .for the seven 

.courses; .Three more chapters (100 pages) "deal with in-structional 

methods and materials, including the use of media, audio-tu.torial *' 
instruction, and* the use of computers and calculators. There is a 
chapter 1 on facilities, instruments, and equipment providing price ^ 
ranges, \minimum specifications, and guidelines for selection. A 
chapter of suggestions and recommendations treats: adapting the 
curriculum to a four-semester instead of six-quarter program; . 
expeqt^d level of student performance; and miscellaneous suggestions 
arising, frbm tf the project. Appendixes provide information on: relevant" 
conferences'; sources of audio-visual instructional materials; and 
suggest^ tdxts.' (PR) 
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PREFACE 



The Electronics Technology Curriculum Development Project (GTODP) , 
the activities 'of which are portrayed in this report, was conducted\with 
the thought that tne results would be of value to all instructors and ad- 
ministrators inteje^ted in programs. of electronics education for the 
comprehensive- cOiflmunity colleges and technical institutes. Most of the 
electronics instructors of two-year institutions, with their heavy teaching 
schedules and administrative responsibilities, do not have sufficient 
available time to concentrate on subject-matter and curriculum development 
that they know are needed to keep their programs updated. The ETCD 
project and this report may alleviate this situation somewhat. 

The contents of this report are arranged and organized *with the 
overriding object'.ve to make it convenient to identify those chapters, 
sections and topics, that $re of special interest tp each reader. The 
Tjabit o& ConttovtA} which is a rather complete outline, will provide ' 
reasonable guidance. f 

All recipients of this report will probably have an initial interest 
in knowing^the thinking as, expressed by each of the several individuals 
who were directly involved' in the project. Comments from each member of 
the Project Staff are included as an integral part of this continuing 
preface. Concluding remarks by each member of the Steering Committee, 
and other key personnel associated with the project, are near the end of 
the concluding^Chapter 10, starting on page 339. Refer to the Table of 
Contents for other individualized items, reports and discussions that 
may be of general inures t. 

Chapters 3 through 8 are devcted, essentially, to sub ject-matttfr 
content for the core courses of an Electronics Technology Curriculum 
and. to recommended techniques of instruction^ The earTier material, 
through Chapter 2, is introductory in its content to^describe the objectives, 
scope and philosophy for the project. 

The material and discussions 'through Chapter 2, although introductory 
in nature, represent a significant portion of this report, - It "sets the 
stage" for the major activities of. the project, VThe remainder, of the 
report will have much greater value if the* reader examines this introduc- 
tory material rather carefully. 

Chapter 9 relates to facilities, equipment and costs , Chapter 10, the 
concluding chapter, is devoted to some general suggestions and recommendations 
pertinent to technical and k vocatidn programs in electronics education for 
two-year institutions, especially for the comprehensive community colleges. 

The three Appendices (A, B and C) contain detailed information relating" 
to summer institutes, conferences, visitations, multimedia sources, suggested 
texts, references and a bibliography. 



This report shall not be considered as a finished product similar 
to a textbook. The project, we believe, has opened appropriately new- 
doors to curriculum structure and to getting started in each course such 
that the student may experience the educational growth in electronics to * 
match his aptitudes and interests and, at th"e same time /meeting the needs 
of industry. , — 

Contributions to the project have "come from many individuals and 
sources. Refer to the Acknowledgments immediately following this } 
preface. % . 

s » .. ^ i 

It has been a personal pleasure to have had the op^pbrtunitv to be 
professionally associated with such dedicated and outstanding electronics 
teachers as are the members of the Project Staff and the Steering Committee 
Please "listen" to what each, member of the Project Staff has to say, 

Daniel S. Babb 
Project Director 



CONTINUATION OF PREFACE (BY PROJECT STAFF) 
I. FROM RAV A. EMGELLAiW. 0 

Caxeex or occupational education has many facets and levels oh accom- 
plishment* ion. tiie individual 10/10 enrolls in a cuxriculum tcct/t occupational 
goats. CaxeeA pxogxeuns provide a means - fax people to obtain gainful employ 
ment'in vaxious activities ptom tlie scientist, to the 6cmisk,itlcd' job* oh 
industxy. ' - 

Electronics Technology Education has many j$ace^4 and pxovides employ- 
ment oppoxtunCtics in many axeas. 'The Electronics student, tfacuig 
decision oh liis Uhc'6 woxk, needs an opportunity to be exposed to the 
manti aspects o\ the electronics industxy. The student 10/10 know* what he 
ox 6he wants on axxival as a ^ei/itfian student Is the exception xaMiex fyan 
thz xule. % . 

It /us mu opinion tliat Etectxonics Tcclinology Education in any given 
school ox axea should be oxQanizcd to pxovide moxe than one. 'level oh 
training in etectxonics. Mien pxopexlif progxeonmed, tills will allow all 
.students an oppoxtunittf to> begin with core couxscs which axe^ common to 

jsevexal levels oh ih ~e elcctrvnizs^vb^pe&txunh — T4i^UistjcauAS <L_in . 

impoxtance, is a couhJSe rehired to as Introduction to i Electronics Tech- 
nology. The couxse wilt pxovide tlxe Uudent with ili'e opportunity to leaxn 
some fandamental concepts^ and to cxploxe tlie magnitude oh the industxy. 
following this couxse, the student should now be ready to maize Ills own 
decision as- to what level o 'h the clectxonics job 6pcctxu)n he will be 
interested in pursuing. 
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On the community college and technical institute level this will be 
restricted to associate deg\ec tywu of Electronics Technology programs; 
to two-year piog-iams wliich are less than associate degree level; and to 
one-year progrms y wliidi meet -the weed* £oca£ industry. The student' 
who begems juiffi t/u,s type t>a package has tlie opportunity to "spin off 11 
at various times .in the cuvlicuIluy \ without undue embaxtas smcnt or toss 
of ■ time-. t - 

The pac/cage mast provide a strong amount of technical courses -and 
job related training along with enough general courses; to meet the basic 
needs of the student. This toe CC geve -t/te student of the two-year community 
coCCege or technical institute ah opportunity to compete on equal ground 
with anyane entering tlie job manket at the scone time. It is my sincere 
Reeling that t/te' ctmcculum developed by tliis project wilt^answer the 
needs of the industry and of the student.^- — , ,*,p - * 



II; FROM JOEL V. G ALLOW AV, ASSOCIATE DIRECTOR* 

Vau will find tliil report committed to dividing the ma jor fi subject- of 
EtectAonics Technology into two core course aAeas: Electronics topics and 
circuit analysis topics. Why recommend tills approach for the teo yeat AAS 
programs? 

*» 

The underlying theme of the -educational process a to develop .knowledge 
and stills on tlie part oh the student tliat will allow liim to learn on hU y 
own. Engineering technology programs, mote than ,ever be^oie, need to have 
this tlwne built uiJ^tha curriculum. How else can we piepasie. today 9 6 
graduate to adjust tc^tfipid technological changes'? 

,1(5 this theme, or 0 philosophy , is to be incorporated into a two m year 
Electronics Technology program/ key (facets of it must beAdentified and 
structured accordingly. The student, as well as the teacher, should be 
able to see his way through the curriculum course maze. The student should 
know that as he completes each course he will be able to perform certain tasks 
he could not have perfo^ned prior to taliuig the course, and that this will 
assist lion in learning tlie next topic which will allow kirn to perform at 
still another specified level, etc. At some point [presently it is bw 
neons in time and not at some level of performance) he is identified as 
qualified to pe teuton in industry as an electronics engineering technologist. 

Th c questions regarding, what must be includtti ~ and au^i^tmete^t/^«H4^d T 
in sudi a short tvo-ycar curriculum must be resolved from some (hierarchy of 
priorities. I find that sifting through tliis liierarchy of, priorities , the 

.answer to two basic qucs-tions improves tliis decision making process. These 
two questions are: If tlie student masters tliis , what will it allow him 

*to do? And/ can tlie student best learn this on liis own, or cdfter employment, 
or does it really require direct class rgdm- laboratory instruction? 




Ray A. Engelland 
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• It'.ti o^cmi &uch a nationals, that I &ind mipcl& committed to developing, 
a mathematical stud'ij o& tint basic bcientii-ic principles pextine\xt to elec- 
.tnon-ic dncxiit analysis. \ ^' 

The Idnguagc, tjxc Ixandivdnc, and tSxe device* (O-ct/t all tixeVi apptica- , 
Uons one jequalb} important, but .it -is .^tom liis 'quantitative ttadij o& cincaxt 
analysis, faxat the! 6tu.de.nt develop* liis potential to ieann on his (gun. It 
.is tkti backgnound that pnovides the tecix)tiques to xesolve .pnoblcm and to ■ 
^uwji/tixc dilutions thai he would othewisc accept on kaitix, ox generalize 
*6t seme qualitative' manne' ^ ' ( 

s\ *T/tc ~elc6th.on.ict> indastAij U aboays in a constant &tage o ^, technical 
iiuimail. ' Wcto-. developments b~)iing neio ncquincmcnts £o\ technical personnel. 
Etec.ViOn.ia, Technology ' Cunxiculunxs can make lagging adjustments in terns oh 
hahdivatic, ins-tiuments , devices, and techniques. The AtAcngcAt^aWyibute 
o& tixose two - yean pnognams could be the quantitative' 6 tudy OjJ cincidt _ 

.. hundmentats . ■ . • . ' 

Oaite capable electAonics teachers' have, opposed tlvis approach ion. 
wtttoai vtea&oiu, pant oh wlxich Aelates to theUi own backgnountl and tixe 
evaluation. oh tiie'ai students and related *siahh membeM • ' , 

Expedience /ta* iaag/U: me to never underestimate a dedicated teacher's 
ability to leaAn and adjust to the situation, and even mane important, a- 
motivated student's potential to mcCsten. a subject. ' . 

I would like to thank Van Babb, Jetty §obrovolny, Vave Peteuon, Randy 
Thompson, Ray Engelland, the steeling committee membtuis, PaAkland College 
stall, and all oh tixose individuals that cooperated with us throughout the 
ycax, ion. the oppontuwUij to work witii tiiem dn tSiis project. 

-u^ml v 

( / Joel V, Galloway <J 



III. FROM V. A. PETERSON. . 

Upon examination oh tills repont, it will become apparent to tlxe reader 
tliat many changes o<r revisions in tlxk sequence oh topics included in the 
traditional Electronics Technology have been made. It must be emphasized 
tliat the^e cliangcs wen.c not made hibitkaxily. The entire core material in 
tlie cuAAiculum was scrutinized and broken into individual topics and concepts 
These topics were tixen caAchully analyzed as to the learning problems' tixat 
the student might encounter, ks a tiesidt oh tliis caAchul examination, tlie 
topics we/te then grouped, sequenced and "packaged" into units or couascs. 

^TiT^7rffTt7rrr77^*rrfVir^ . it—iz& — j-\w^O'S^sHxlQ to Invo lve the reader in tlie tliouglxt, 

duscussion Sometimes heated) r h&Ui pulUna and revis ion Mon£r~ttrcOrw&rt 
into tixe development oh tlie material ho* report. The reader, ih Iic q 
could have been dOicctty involved, could then, identihy more easily the 
rationale behind the changes recommended in t\iis report. 



Alfic/i' oh the material developed, ha* been Viied and tested in the class- 
Loom and laboratories o<$ the r {iost institution and the Starting Committee 
6cfun?£s. Pttsuig the development stage, ideas ufcrc adopted, tcvcsccf o* 
-scrapped on tl\€ bajfu o& n.e*idts cr&^such thiols'. - . 

In .addition^ flue material has been scrutinized by many leading in- 
structors* o£ 'Electronic* Tczkiiology across, the country* It u> hoped t/ic 
s&juchce , |$' and .the mpha*l* on ceitaut topics Mitt be carc&alty con^ideted 
an^f Jwpe&iitty adtyted on a trial basis even though they may seem to be * . 
sty ere departures fcom a tAaditionat approach. * - h 

At this point, 'it must ai*o*be noted fliat the materials presented in 
tliti 'report are nut 'complete packages that can be used as ready-made 
,cour*o*. The laboratory experiments,, handouts and pies<£ntat(on4 ate 
merely example,* o& how flic Job miglit ivcll be a^confpluhed tvitii maximum 
success > . . , 

. Through an examination o£ t/iese sample mcttciLals, peiiiap-s the % pliilos- 
opluj, guideline* . and <iommitbnent* that directed flic elicits o& tile Protect 
Sta&l fl\.rough tlie hirst three phase* ol the project ivill become apparent. 
This pliiloSiOpliy is ptrhaps the major tiling that flic report attempts to 

letC . ■ . , ■'. " * - ... \ - . - " 

*, 

. In Axis respect, the report competes e,* & challenge N to the electronic* 
instructor to crCtically evaluate lii* otm aiiucaCum, khc technique,* and 
method* OjJ i\i*tructiqn Currently employed. ' . * • . 

FiiiatCi/, on .a petsona* note, I teis/r -to conuey my ^eactcoiis tegaicicyg 
-the Electronics Jechnvlogy Ciirricaliun\VQ^elopme\xt Project. As a sta^ 
member o& the projict, I had the opportunity to ivork icith several q& flic 
most a6£e, committed and thoughthul men in the profession. Common c^ott 
with Van. 8abb, .Jocfc Galloway, Randu Thompson, Ray. Engelland and^thc rtimbf/tr* 
oh flic*. Steering Committee, have %c*ultcd in a great personaJb respect &oa 



each fli thorn a* teacher* and leader*] tdiich has engendered an eueit deepex * 
commitment than is prbbably "reflected in flic repoKt. ^ ' - - / . . 




II/. FROM RAhlVALL THOMPSON. ' * . . 

The importance 05 elective uti(lza£ion 05 instructional technique* . 
and material* cannot' bi over? emphasized. s A quality . electronics technology 
program requires elective teaching- learning? methods and 'materials that^re 
integrated tvith a well structured -classrootlTQid laboratory cuiriculiw. r 
Instructors must become at^a/ie oh the bcnc&its to be gained by the appli-' 
~actto7rT?£^ tec/nur{ues and materials and bd stimulated 

to use fliGm and to*ge£ lid oh WTuTcffi^iv bjUng used. 



« - 8ecAuae.-ao tiie realization tiiat on integrated approach must be used 
in tlie electronics tedhnology program, ETCVP has concentrated on tlie core 
ciuULiicutvm and hit instructional tmteriaU and' technique* needed to meet 
the objectives oi the cuke courses. Chapter 6, 7) S and section oi 
tlie Appendix contain ih^omatipn tliat u primarily concerned with bis true- 
tion&l technique* and mateUalb wliich axe applicable to Electronic* / 
Technology and should be giv)en careiul coiuidcration. 

Included in tliese tlih.ee chapteu [in addition to discdS6ions on such 
technique, as audio -tutorial, computer- assisted, closed ^oXrcuit TV, etc.) ,» 
ake sample, Fortran TV compute* progrcuns, audio- tutorial lct»so\u>, ^electronic 
calculator programs f and oilier materials that 1 ake related to tiie core 
courses. In Hie Appendix, are instructional materiAls that include lists 
ol 16 mm ^Mms tactfi brick .descxiptiqns ', Supcr-8 mm closed loop iUmS^ 
commercial Hide-tape or iiZmi trip- tape lessons, and. suggested texts* 
and references' including tliose ior circuit*, electronics, matiimatics, 
physics) Handbooks K and programmed textbooks., ^ " 

• . '« 
The instructional iecluiiques and materials presented in tills report 
are by no means inclusive and are only examples bi tyc technique* and - 
materials that are available. Any omission o'i names, products, or material 
Is purely unintentional, ii not an impossible task. The examples , materials , 
and ideas presented are jmly a beginning and ^additional research, acvclop- 
'^mit, and experimentation needs to be conducted to improve tlie teaciting- • 
learning process in el^ctro^iics teciinology. • ■ 

No tingle instructional technique can 6olve evert} problem or provide 
tlie best learning expentence ior evexy student. The instructor mast not 
use nw tecliniques to ^simply be, up ttitlt tlie times and' exclude all otlieu, 
but rather, to wse techniques where tliey prove tlte mo6t elective mean* oi 
learning i'oti the student. Eacli student is an individual and it' is tlie, > 
responsibility oi tlie r instructor to, provide tlie oppontunity that will . 
allow cadi student to' actiicve, toJijj>> fullest capacity: 

* The number oi people who have been so helpiul t tiiroughout tlie project 
activities i,s over-whelming, and sincere appreciatidn is oiiered to eacix 

~onc ior the services provided. .Personal appreciation is extended to 
Vennis VeCoste, Hoxolett-Packard Company, Neil S. Grai, Wang Laboratories, 
ior tlie demoMtrations using electronic calculators. Additional tltanks 
to Wang Laboratories ior tlie loan oi an electronic calculator ior tlie 

. summer institute. The smmer institute seminar onsnackinc language by 
-Earl Buhnctt, Vigiac Corporation, and Peter Collins, kidex Corporation, 
was vjiry much appreciated. 

* The opportunity to participate in tills ETCV. project and its related 
activities has ' been a most challenging and ntwaiding experience. I tiould 
like to express mj.tinc&rc appreciation to tiie oilier mmbers bi tlie praject 
staii, steering committee, Mamiex in&titutc' participants and to themantf 
otlieu who have made' contributions . Jt has indeed been a pleasure to be 
associated with such a dedicated person as, Dan Babb on tlie activities 
Receding and during tlie iinal preparation oi tliis report. 

* * 

Randall Thompson 
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INTRODUCTION 



The discxxssiof^^oi this introductioyL ,-, Qlong witix Chapter 1 
[Developments PlQ.co.ding the Project) are presented to provide 
information on what tills* Electronic* /Technology Curriculum 
Development Project is all about, ^he remaihing chapters deal 
with tlie activities oh the Ele^Uwnicjs Technology Curriculum 
* Development Project. > • \ 7 ^" 

In tills introduction, pie operation o& the project,* its 

scope and objectives oJie Stated briefly and concisely.' 

• * * 

In Chapter 1, curriculum 4^c^eA^o/L"^iei : E£ec^n^c — ; 
Technologic and* supporting philosophy dev^eloped; over'tke^past 
sevenaZ year's are presented. Jn- these piiOiously -proposed 
curriculwn st'uictuJies there exists a sequence o& three courses 
'in Circuit Analysis, a. sequence o& three coursu in, pie Funda- 
mentals ^Electronics and one course* {a first term course) 
identified as Introduction to Electronics Technology (INTRO). 
The project is pntmariJty concerned with these six pins one core 
couJlses ior the Electronic Technologies. < 




OPERATION OR PROJECf 



The. Efectronics Technology Curriculum Devel- 
opment Project (ETCDP) is a cooperative endeavor 
involving seven Illinois two-year colleges and" 
the University of, Illinois at Urbana-Champaign. 
TheX^seven colleges are identified in the front- 
matter of this .report. 

The University of Illinois at Urbana-Cham- 
•paign is the gteuttcc of the project with Park- 
land College as the host institution, Each of 
the ^other -six . participating colleges have a 
representative on a Steeling Committer., The 
personnel for the steering conmittee, jthe * 
Project Staff and Administration are identified 
in the frontmatter. 
— r— Th^~seven~junrt^ 

of Illinois are ithin a- geographical area to 
_p_erjniJLj:o n vei\ i ence o f travel for meetings as 



necessary. Four .of the junior colleges are in 
central Illinois, and three of the colleges are 
in north central Illinois. The greatest distance 
separating these colleges is about 180 miles 
with .Interstate. This geographical convenience 
is a-stipulation fdr the project. 

PROJECT OPERATE? I/« FOUR PHASES 

A cooperative project of this kind is re- 
quired to- operate in two stages. It shall have 
a platuiing htage followed by an Academic Veal, 
as a minimum suggested time. . . 

In the original proposal to the National m 
Science, Foundation, the project was set- up to 
operate dn three phases. A fourth phase was 
added, with approval, after the project was well 
along in the work. * v 

The four phases, with time intervals speci- 
fied in parentheses, are stated below: , 



Phase III': Summer Institute St'ace fJune 22 
to August 15; 1970) 

Phase IV: Dissemination of Information 

Stage (August 15, 1970 to Febru- 
ary 28, 1971) 

P/uttc I, The Planning Stage 

The first two weeks of this period were used 

to organize the activities of the Project Staff 

for the total project. This involved decisions 

. 1 
on individual responsibilities, establishment 

of a common philosophy, nature and extent of 
materials to be developed, administrative pro^- 
cedures and a consideration of all facets cf 
-~the~~projectv — 

A two-week workshop involving the Steering 
Committee and, the Project Staff was conducted . 
at the* University of Illinois at Urban a- Cham-"" 
paign. Special attention was directed to the 
&ix piu& one core courses (identified later 
in this chapter) and related problems of an* 
•Electronics Technology Curriculum* 

During this planning stage, it was also 
necessary to arrange working agreements, fa- 
cilities and financial, between the University 
of Illinois and Parkland College, the host 
institution, in preparation for operations in 
Phase II and Phase III. 



\ 



P/toae II, The MctienJLaJU Development Stagk^ 

The Project Staff, housed in facilities pro- 
vided by Park land College, Champaign, Illinois, 
used this period to develop subject mavter . 
content; to develop instructional techniques, 
and to consider problems relevant to Electronics 
Technology' Curriculum'* problems. The major ef~ 



Phase I: Planning Stage (August 8 to Sep- 
tember 7, 1969). 

Phase II: Materials Development Stage (Sep- 
tember 8, 1969 to June 20, 1970) 

*N0TE: Refer to Chapter 2 for more detailed discussion relating to project activities. 



fort was directeH~ro~the &iz p£o6 one courses. 

Once a month, starting in October 1969, 
joint meetings of the Project Staff and the 
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Steering Commiteee were conducted. On a rotating 
basis, a member of the Steering Committee was. 

. chairman of these sessions with his college 
^serving as the host. These were one-and-a-half 
jj^'rday sessions with an evening meeting followed 

** by an all-day mee^in^. To avoid conflicts with 
individual responsibilities at their home insti- 
tutions, these sessions were conducted near the 
"end of the week ank quite frequently on week- 
ends. * . * 

During these joint meetings the Steering 
Committee members reacted to the materials and 
reports presented by the Project Sta*f and 
provided continuing guidance. Concepts and 
materials presented were applied to the classroom 
and laboratory activities of the various colleges . 
when appropriate to th/ courses then in their^ " 
schedules'.* . 

Twenty- four experienced electronics instruct- 
ors, from junio realleges and technical ;nsti- 
tutes,, were selected to participate in a Summer 
Institute. These participants and their colleges 
are identified in the Appzndix of this report. 
Information from the brochure for this Summer 
Institute. is also reproduced in the Appendix 

to reveal the objectives and content of the 

* \ ' 

summer session. / . 

> The participants of the Summer Institute 

served the dual role of student and consultant 1 
for the project. In the first few weeks, the 
Project-Staff presented materials, concepts and 
instructional techniques perCaining. directly 
to the activities of the project. 

As consultants, they performed a valuable 
role to the project by presenting their own 
personal viewpoints and approaches to technical 
topics of considerable significance. As a 
group, a great amount of valuable material was 
submitted to the project. Much of their mate- 
rial will appear in this report. 

'P/iaae l\J t VZ&&emincuUon oi InAonmcution Stage. 

Initially, the project was scheduled to 
terminate on August 31, WO. Along about in 



April, because of the amount and coverage of 
material prepared, it became evident that it is 
difficult to conduct the summer institute and 
prepare this final report as a worthwhile 
"Teachers Guide 11 by the scheduled date of 
termination. — ■ . * 

The terminating ciate was therefore extended 
to February 28, 1971 to allow the needed time 
to review, assemble and prepare materials for. 
this report. 

The Project Staff and the Steering Committee 
. were, however, officially .terminated on August 
15, 1970. .The T w<£riung staff for this Phase IV 
consists of the Project Director (Professor 
Daniel S. Babb) , Randall Thompson (Formerly of 
the Project Staff) and a part time secretary. 

ELECTRONICS TECHN0L0GV CONFERENCE 

As an important, element in the plans for 
the project, a thx;ee-day Electronics Technology 
Conference (on a self-supporting basis) was 1 

conducted on February" 26,-28, 1970 at ' 

* * * \ 

Champaign, Illinois, Some of the details of • 

the conference are presented in the Appendix., 

The attendees at the conference (Electronics 

teacher-s, administrators and industry personnel) 

represented approximately 33 states and Canada. 

The primary purpose of the conference was to 

obtain some rapid feedback and reactions on the 

activities of the project from knowledgeable 

individuals on a broad gecgra^hical base^ From 

the many positive reactions received, the* 

conference provided tremendous encouragement to 

the Project Staff and tlie Steering Committee. 

CONSULTANTS 

Plans were incorporated in the project 
proposal to obtain guidance and reactions from 
experts in the discipline of Electronics Tech- 
nology as consultants to the project . s The most 
convenient and workable solution to this ob- 
jective was for the Project Director and 
members of the Project Staff to make personal 
visitations at a number of colleges in several 



states. In this way we could observe curricula 
and a number of "staff people. in/opcration at 
thjeir particular college environments.^ ABout 
^ 20 colleges in 9 states, out&idc of Illinois, 
•were visited during the project. Hie colleges 
and technical institutc^visitcd afc identified 
•in the ^Appendix. 
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SCOPE- AND OBJECTIVES 



ELECTRpHlCS TECHNOLOGY CURRICULUM 

A two-year Electronics Technology prog 
can be .broken down into four major divisions 

1. Fundamentals of. Electronics and. 

c ■ 

circuits theory (core). 

2. Specialized courses in electronics 
(options) . 

„ 3* Mathematics and^cicticc courses. 




Nontechnical Courses. 



Each of these four areas is, approximately,* 
one- fourth of the total curriculum. Sec 
Chapter* 1 ! for sample curricula. 

SIX CORE COURSES IPEWTIF7EP • * 

-The activities- of the Electronic*; Technology 

Development Project (ETCDP) arc directed, primar- 
ily, to the. core courscs'^of the curriculum. % . 
„Thc core- courses represents a sequence, of major 

topics in the area of Gc/icatt Thcony and in the 

area of Fundamtiitatb o£ EltctAonicb . Throughout 

. » * - * 

this report,, the theory cqurscs in circuits arc, 

identified as: 4 # 

* Resistive CPrcuits^ • \ 

Single -Time -Const ant -Circuits 

M Networks 

See Chapter 4 for detailed discussion oT 
these courses. ' fr 

The courses for* the aotivc' circuits arc 
identified as: • / 

Resistive Electronics 
Puis*?. Electronics ' 

• * Linear Electronics " 

Sec^-Chaptcr 5 for detailed discussion of 4 
these courses „ 

The six core courses will be identified as 
above in cither a six-quarter plan or a four- 
scincstcr plan! Their contents, however, arc not 
identical. Primarily, in comparing the two 
programs, there may be only a shift in the start'-* 
ing-.and terminating topics for each course. 



A PARALLEL- INTEGRATE!? STRUCTURE REQUIRED . 

A parallcj- integrated structure of the 
"theory and mathematics, courses became possible 
in an Eicctronics Technology curr.iculum through 
lic^ scqwcncc ' of^circuits courses K05^A^v 4 » 



CacacZT^rSu^Cc-T^inc-Coiwtaiit C&cuZti to 
NeftCO'tfos, and through a sequence of • courses" in 
the fundamentals of electronics of RcAAAtivc 
Etccttionitt to Putlc t ECe.c&ionicA to Lbxcax 
EtzctAonic* .' ' » , • 

The details for each of these courses " 
constitute* a major time-consuming, . effort , for* ■ 
the project. The nature of these detailed, 
studies* and developments will be presented in 
this report. Basically, the firstscourse in 
^cach of the two sequences requires -a minimum t 
of background in mathematics « # RtbjAtivc. 
•Cpfcacti and Ribifitivc. EtzctsionicA , for Example, 
rcquiTC a knowledge of algebra and the elements 
of .trigonometry. "The second courses in the * 
sequence, STC CincttLtA and- Put* c EicctAoivictp 
have the added requirement of only the elements 
of calculus. 

* 1 « 4 

, Courses in circuit analysis, and the m / 

fundamentals 4 of electronics, when sequenced % 

■* . . * 

in this way, mean that the first course in 
circuits, RtbiAtivz CiricuitA, can be presented ^ 
in the very, first term of a 4-scmcstcr plan, 
or J.n the sccond^tcrm of a 6-quactcr curriculum. 
Rtt>i6tlvt E^cctioiuci., k the first of the elec- 
tronics sequence*, usually follows Rtb4A£Lv<L 
Cvtotcti but njay be directly in parallel with 
it, if necessary. • ■ 

A sample program wi 1 1* illustrate a 
curriculum structure along the lines outlined 
in the preceding paragraphs. The -one shown 
is that of Parkland College, Champaign, Illinois 
the host institution -for the project. The 
six core courses- arc identified as ULT 111, 112, 
211, 102, 201 and 202 in the Parkland College 
program. . 
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SIX CQURSES PLU SONE ' 

lere ma> be* an occasional reference, in % 
.this report, to the "6 + 1" courses. The addi- 
tional one has reference to an "Introduction to 
Electronics Technology" course which we havei 
chosen to isolate from the six core courses. It 
is -identified as ELT 101 in the Parkland College 
program. - It is given- Separate treatment in 
Chapter 3 of this report. 
.".This one course, when offered, is scheduled 
iri* the^ first term; It has the one important 
purpose of introducing the' students to the 
field^of electronic technology without getting 
too involved on a quantitative basis. The • 
course is considered essential to thef full 
success of a curriculum. There are different 
.approaches which will be outlined in Chapter 3. 
"The project then, is involved with seven ^ 
courses not .six.' This was indicated in the 
original ^r/oposa^ for the project. ' 

THE CORE, COURSES LEAP TO OPTIONS _ 
Concentrating on the six core courses (+1) 
" is considered important since these basic . 
courses can lead to^a number of options, either 
as institutional options or as student electives 
where enrollment is* sufficient to warrant stu- 
dent electives. t. 

A number of possible options are listed below': 
(An institution would select one or more of these 
rather than try to cover the whole field) 

Communications 
• * Computer Electronics 
Digital Electronics 
Power 

Instrumentation; 
' Electro-mechanical 
Medical Electronics 

4 

Control Systems 

<> 

For the most part, the six core courses can 
satisfy the special needs of any one of the 
options,. Some modifications may be appropriate" 
in the third circuits course only and in the 
third electronics course only. This point will 



be discussed in the report. 

OBJECTIVES OF THE PROJECT 

The scope of the project as outlined^ to this 
point suggests the objectives for the^project. 
These, objectives are stated briefly here as 
general objectives and as specific objectives. 

The pznoAcdL bbjctzLvQA 

The project has two general* objectives. 
They are: * 

1. To develop subject matter and 
instructional techniques for the 
<ux ptu* one. core anuses. 

2. To considej^tlve^otal educational 
needs^for two-year associate degree 

.* programs, -especially those needs 

? that exi%t in the environment and 

philosophy of a CompK£liZtU>i.v<L 
XomnuxvuAij Coltzqz. 

Spzciiic 06/ectcve6 

The specific objectives for the project are: 
1. To develop those concepts and tech- 
niques for each course that are most 
important to J-Jie success of that 
course and to the total curriculum. 
To find techniques of getting the job 
done in the six core courses, which 
require a mathematical process, * 
without unnecessary mathematical 
burdens . 

3. To discover some practical ways of 
'bringing the real world of industry 

into the classroom. 

4. To discover and recommend techniques 
to take better advantage of modern 
electronics calculators and computer 
facilities . 

5. To discover and recommend techniques 
to take better advantage of available 
media\ including individualized in- 
struction. 

6. To recommend alternative approaches and 
structures for the total two-year t 
curriculum in electronics technology. 
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CHAPTER 1 
DjEVELOPMEN TS' PRECEDING WE: PRO J EC T 



It i& doubtful that fiimnciaZ bxjoppotit mold be given &oa 
a project o& tkti> fund, ok that if could even be nexuohably 
productive, without exteMive development woAk preceding huch 
a project. 

OveA thefjpa&t twelve yean* the Univ&uity o& Illinois at 
UAbana-Champaign ha* provided the academic climate .and* haciLLtilz* ' 
&or inteAeAted 6ta&& jpembeA* to become actively involved In tech- 
nical education fibA/tne junior collate and tto.hni.cal institute* ." 

A committee, ^through which significant contribution* have 
been made, wa* formed? in 7959 and identified a* the EngineeAing 
Technology Curriculum Advisory Committee. ThAoughout it* exis- 
tence) Profe*6or Jmi( S. Vobrovolny, Head of the GeneAal Engineer- 
ing Vepdrtment, ha* tekved a* the chaiAman ofthi* committee. One, 
of hi* papeA* entitled, "UniyeA&ity Involvement in Technical 
Education" i* pre*ented *in>thi* chapteA. fc \^ 

OtheA material* of the chapter a/ie legated to th^ philos- 
ophy and AptuctuAe of Elect/ionic Technology cvJiAicjulum developed 
oven, a pe/Uod of teveAal yexuu before the project. The Project 
Director ha* been directly involved in these specialized devel- 
opments with the assistance and support of a number of Elect/ionic * 
Technology tejacheA* while they were participant* in summer in*ti- 
tute* and/or academic yean, institute* supported by the, National 
Science Foundation. The*e advanced development* , because of* ■ 
certain unique and innovative feature*, have dictated the need * 
for thi* project involving seveAal junior college* and teacheA*. 
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THE CHANGING TIMES FOR TECHNICAL EDUCATION 



To appreciate the significance of the three 
curriculum structures as outlined in the follow- 
ing section's of this chapter, it seems important 1 * 
to go back in time about ten or fifteen years ' 
ahd review the trends and developments in tech- 
nical education with special attention to the 
Electronic Technologies. 

The concepts of technical education have 
.been around for a long time. Before the 196(Ts, 
however, these concepts were largely restricted 
to engineering colleges and the technical .insti- 
tutes, - primarily the private technical insti- 
tutes. For the most part the junior colleges 
then- in existence were largely concerned with 
transfer programs to senior colleges and univer- 
sities. A number of states did have area 
vocational schools. 

With the technological developments of the 
i950 , s, it soon became apparent that a secondary 
School education would not be sufficient to 
obtain gainful employment for the remainder of 
one's lifetime. The vocational and technical . 
manjvover needs of industry. were becoming too 
great, in comparison to nontechnical job opportuni- 
ties . 

Irfith the Federal funds made .available for 
c 

vocational and technical education, it was the 
secondary school district that provided much of 

°the PoAt-H<Qh-School training as best they could 
while State Plans were being developed and 
legislated. ' 

What happened, in these early stages, was 
that these Post-High-School career programs were 
largely vocational and terminal in their contents 
and objectives. Such objectives and limitations 
were probably appropriate for the times. During 

"''this period, however, something was happening 
in the senior colleges to create even wider 
gaps in the technical education spectrum. 



UPGRADING IN ENGINEERING CURRICULUM 

A trend to upgrade electrical engineering' 
curriculum (all engineering, for that matter) 
began in the 1950's and is continuing to this* 
day. An Enginivung Gvatb Stuitj came up 
with the strong recommendation (not implement- 
ed, as yet) that the first degree shquld be 
the M.S. degree, not the B.S. degree. This 
was dictated by the technological develop- 
ments which required more highly educated 
engineers and scientists. Design and how-* * 
to-do courses were replaced with theory 
courses. Larger and larger numbers of « 
engineering students were continuing their 
education to higher degrees. Evdn though 
they were in great demand, still industry 
became very concerned about the-fiocc- to-do 0 
gap that was being created. " The new kind * 
of engineer, and scientist was creating the 
need for Engineering Aid*. 

In recent years, the Comprehensive Commu- 
nity College is recognizing its concept of 
comprehensiveness through programs of Tech- 
nical Education as well as Vocational 
Education programs. 

ELECTRONIC? TECHNOLOGY -VS-VQCATIQUAL ELECTROUKS 

,N'o matter how they are now identified, 
or may be identified in the future, there 
are two kinds of programs in electronics 
education, (discussed in more detail in 
Chapter 2) both of which are needed, in two- 
year colleges. Essentially, one is math- 
science based and quantitative in nature and 
the other is more qualitative. One is more 
educationally oriented and the other is more 
training-skilled oriented. One is concep- 
tually oriented and the other is more labora-' 
tory hands-on oriented. 
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CIRCUIT miVSlS-THE KEV TO ELECTRONICS TECH- 
NOLOGY* . » , ^ . 

Electronics education involves a knowledge 
and understanding of systems. Systems require 
a knowledge of^rcui^nalysis . Circuit anal- 
ysis is a mathematical prdcess^^Tlie mathemati- 
cal* process involves the -elements 6JT calculus, 
4ifferential equations ana* LaPlace transforms. 

Since electronics technology invQives 
"* ^ * t . 

circuit analysis/ the problem that existed in 

t, \ 

curriculum structure was finding a way to get 
the jqb done in two-years while the student is 
still in the process of getiing the -needed back- 
ground in mathematics, — U— * * 

This dictated the-concept 4 6f KtelbtLvil tUi- 
•cacti .as the first course and STC cOicuM* as 



,the second course. This approach was suggested 
in the 1964 Electronics Technology curriculum 
guide which is ^reproduced (in part, only) in this 
chapter. Until this date (196'4) textbooks on 

^circuit analysis .only hinted at such a structure 
for. a curriculum/ The Project Director wrote the, 

„firstTbpok devoted to resistive circuits only 
and had written several chapters for a proposed 
tfcxt on STC circuits .before the project started. 
•Certain memEexs^q^the Project Staff and the 
Steering Committee Jissistedjwith these devel- > 
opments. The project has served a valuable role * 

. in the continuation and implementation of these 
early developments and related concepts in an 
electronics -technology curriculum. 
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THE ELECTRONICS TECHNOLOGY CURRICULUM 

(SIX-QUARTER PROGRAM) 



The discussions and materials on this ^njdjfte^ext-fewrpages are 
taken from an Electronic Technology bulletin identified as "Engineering 
Technology Series No. 3, 1967" developed at the University of Illinois 
at Urbana-Champaign. Participants from two U of I Academic Year Insti- 
tutes (1964-65 and 1966-67) for electronic teachers, supported by the 
National Science Foundation, were actively involved in the preparation 
of the total material of that bulletin. Only a small portion is re- 
produced here. 

In the order of presentation, the following material covers: 
Objectives, unique features, the suggested' curriculum, curriculum 
summary by clock hours and credit hours and a flow chart (Fig. 1) for 
mathematics, circuits and electronics courses. 



PROGRAM. OBJECTIVES v 

The two-year- electronic technology curriculum 
is constructed to meet the specific objectives 
of an engineering technology curriculum. These 
objectives were presented in preceding para- 
graphs. The engineering technician should have 
a broad range of competences. He should have 
the abilities to design, "assemble and test elec- 
tronic^ circuits. He should have the ability to. 
assist engineers and scientists in projects of 
development and research. 

This two-year, electronic technology curricu- 
lum -is constructed as a fundamental and practical 
type of program to satisfy the prerequisites • 
that will qualify the graduate .to perform job 
functions in ,any one, o'f a number of options such ? 
as communications, control systems, computer 
design, computer applications, industrial elec-* 
tronic drafting, logic systems, circuit design, . 
system testing and measurement techniques. An 
additional one or two quarters for purposes of 
further specialization and continuing education 
is strongly recommended. 

An electronic technology curriculum should 
have a proper balance between theory and prac- 
tice. The theory portion of the program re- 
quires a working knowledge of mathematics 
through calculus along with some differential 



equations and an ability to analyze a. variety 
of circuits. For many years mathematics has 
determined the sequencing of topics in the ^ 
circuits and electronics courses.^ The prac- 
tical portion of the program requires a knowi^ 
edge of instruments, testing and measurements 
techniques along with an ability to recogftiie 
and solve practical problems as actually con- * 
fronted in industry. j 

UNIQUE FEATURES * _ * 

The curriculum is designed to meet the 
objectives of the two-year six quarter program. 
The complete curriculum, as shown on^page 14 
has a number of unique features. The flow 
chart of Fig. 1 shows how the technical spec- 
iality portion of the program and the mathe- 
matics courses are interrelated. 

1. The two courses,. Introductory Elec- 
tronics I and II, in the first and second 
terms respectively, are designed to acquaint 
the student with the content of the electronic 
technology curriculum through laboratory proj- 
ects that arc done qualitatively rather than 
,oh an analytical basis. (Since this publica- 
tion, the concept of two courses as suggested 
here has been changed to a concept of only 
"on* course to be identified as Introduction 
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to^ Electronics Technology) \ 

Introductory Electronics I intro duces the 

-student""to~ measuring instruments most commonly 
used throughout the curriculum. Emphasis is on 
quantities - ^ ich an instrument is capable of 4 
measuring. The details and procedures foi this 
exploratory course are defined in the outline. 

Introductory Electronics II provides an 
opportunity to explore the operation and re- 
sponse of -the most common types of basic elec- 
tronic circuits that -serve as building blocks 
for practical electronic systems. The course is 
exploratory and qualitative analysis is empha- 
sized. It . provides the /practical experience^and 
the motivation for* the detailed and quantitative 
studies that follow in the curriculum. 

2. The seminar sessions in the last five, 
quarters of the curriculum are designed to 
provide additional enrichment for the students". 
This should be accomplished by providing guest 
lecturers from industry, touring industries, 
viewing technical films, and through the discus- 



courses, starting in the third quarter. They 
-emph a si ze * th~e quantitative analysis and include 



sion of topics pertinent to the electronic 
technology curriculum. * 

3. Circuits I (Resistive Circuits) pro- 
vides the basic concepts for continue; circuit 
analysis. ThevStudy of resistive circuits re- 
quires algebra and some trigonometry which 

are covered in Mathematics I in the first quar- 
ter. This course serves as a prerequisite to 
Electronics I (Resistive Electronics) which 
comes in the following quarter. Refer* to the 
' flow chart. 

Circuits II (Single-Time-Constant Circuits) 
requires an understanding of only basic con- 
cepts of calculus. It serves as a natural 
introduction to Electronics ,11 (Pulse Circuits) 
which comes in the following term. The cir- 
cuits courses beyond Circuits II are presente-d 
in the traditional manner. Circuits HI (Net- 
work Analysis), for example, is a traditional 
treatment of circuits, 4 which covers general 
and advanced circuits and has no restrictions 
as in Circuits I and Circuits II. * 1 

4. There is a sequence of three electronic 



a detailed study of electronic circuits. They 
are identified as: Electronics I (Resistive . 
Electronics), Electronics II (Pulse Circuits) 
and Electronics III (Advanced Electronics). 
These three courses in electronics follow a . 
naturals sequence that is integrated and se- 
quenced in accordance with the background 
knowledge from the cour&es in the circuits area 
as well as from the mathematics area. For 
example: Electronics I (Resistive Electronics) 
follows Circuits I (Resistive Circuits) -.which, 
in turn, follows, Mathematics I. The flow 
diagram* of Fig. 1 shows the sequencing ,of the 
basic courses. Observe the heavy diagonal 
lines that slant downward from right to left, 
from the mathematics area to the circuits 
area to the electronics area. 

5. The technical electives of the fifth 
and sixth .quarters provide a degree of flexi- 
bility. Five areas of specialization are 
recommended as possibilities. A particular 
educational institution may wish to offer no - 
more than one of these areas l of specialization, 
in accordance with instructional talents and 
in accordance with the particular needs of in- 
dustry. 

The footnote at the close of the curriculum 
gives xhe recommended courses for each of the 
five areas of specialization. More detailed 
information is presented in an appropriate 
place later in the guide. Refer to the 
Table of Contents where each area is identifie- 
as an option i: 



* 6. This six-quarter curriculum provides 
at least two natural "break-off" points. Afte 
a t student completes the first two quarters, 
he will have had the two introductory electroni 
courses and the two drafting courses that will 
provide employment opportunities especially as 
a draftsman or as a maintenance technician. The 
courses of the first quarter could also be used 
in a vocational program that leads to a 
certificate or a diploma. 
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J « ^Th c^Bhy^LQS^courses-arc-ou t-1 ined-to- 



reflect the present-day philosophy t as to contents 
and sequencing, of topics for a one-year compre- 
hensive terminal course. The physics sequence 
serves ,as the basic science course in the elec- 



-troTiir-xurrrcaiufnT'It is introduced in the 
third quarter after the student has been intro- 
duced to the fundamentals of calculus. It" 
follows an outline which is independent of the 
topic sequencing of electronic material. 



SUGGESTED" TWO-YEAR ELECTRONIC TECHNOLOGY CURRICULUM 
.Course ' Hours 





Class 


Lahoratorv 


vContapt 


Credit 


lot Oiifii*f 

lot Vfudxxer 










Mauiemaucs i |AigeDra & irig.j 


w 


ft 


5 


5 


Introductory Electronics I 


1 
1 


A 


o 


Z 


CnmmunicaHnns I » 


4 


0 


' 4 


4 


MechanicaLDrafting * 


1 . 


6 • 


, 7 


3 


Psychology of Human Relations 


4 


0 




4 


Orientation 


0 


0 


1 


0 




14) 


10 


26* 


18 


2nd Quarter 










Mathematics n (Trig. & Introduction 
to, Calculus) — - — — ~~ ~ 


— 

D 


— - -ft — — 
u 




5 • 


Introductory Electronics U 


1 


4 


5 


2 


Circuits I (Resistive Circuits) 


4 * 


'* 2' 


6 


5 


Communications n 


3 


0 




3- 


CjIcC vixjnic i/r ill ting 


1 


6 


7 


3 


Seminar 


ft 




1 


0 




14 


12 


27 


18 


3rd Quarter 










Mathematics III (Calculus) 


5 


0 


5 


5 


Electronics I (Resistive Electronic 
Circuits 


3 


4 


7 


4 


Circuits II (S.T.C. Circuits) 


4 


4 


8 


5 


Physics I 


3 


2 


5 


4 


Seminar 


0 


0 


1 


0 




15 


10 


26 


^18 












4th Quarter 










Mathematics -IV (Introduction to 
Differential Equations) 


3 


0 


3 


3 


Electronics II (Pulse Circuits) 


3 


4 


7 


4 


Circuits III (Network Analysis) 


3 . 


4 


7 


4 ( 


Physics II 


3 


2 


5 


4 


Industrial Organization and Operation 


3 


0 


3 


3 


Seminar 


0 


0 


1 


0 




15 


10 


26 


^-—18 
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Course 



Hours 





Class 


laboratory 


Contact 


Credit 


5th Quarter 










Electronics HI (Advanced Electronics) 


4 


4 


8 


. 5 


Physics HI * • 


3 


2 


5 


4 


Technical Report Writing ' . . >«/ 


3 


0 


3 


3 


Technical Elective^ 


.3 


4 


7 


4 


Economics of Industry 


3 


0 


3 


3 


Seminar 


0 


0 


1 


0 




16 


10 


27 


. 19 


<j 6th Quarter 










Technical Elective^ 


3 


4 


7 


4 


lecnrucai Elective* 


u 


A 


7 


4 


Technical Elective^ 


'3 


4 


7 


4 


Circuitb IV (System Analysis) 


1 


4 


5 


,3- 


Nontechnical Elective 


3 


0 


3 


3' 


Seminar ... 


0 


0 


i 


0 




13 


16 


30 


18 



^The technical elective s should be electrical courses of some one area of specializa- 
- - tionasdesired for a particular program. A few possible courses and arc as are: 



Power Option (See Page 

Advanced Power Circuits 
Rotating Mac hi n cry- 
Power Distribution Systems 
Electrical Design 
Computer Option (See Pase 71)* ' 
" Computer Logic- 
Computer Programming 
-* Measuring Principles (Mechanical and 

Electrical) 
Analog Computers 
High Frequency Communication and Trans- 
mission Options (See Page 73f 
Fields arid Waves- 
Transmission Lines . 
Microwave Fundamentals 
UHF Communication and Reception 
Antennas * 



Instrumentation Option (See Page 75f 

Measuring Principles (Mechanical and 

Electrical) 
Control Principles and Telemetry 
Standards and Calibration • 
Computer Programming 
Industrial Control Systems Option 
(See Page 77) * 

Industrial Control Circuits and Compon- 
ents 

Computer Programming 
Servomechanism 
Measuring Principles 



*Page numbers refer to pages in the "Engineering 

Technology Series No. 3, 1967 ,! , published at the 

j i* * 

University of Illinois at Champaign-Urbana, 
Department of« 'General Engineering. 
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Curriculum Summary in Clock Hours and 
;reditJttours 



-Clocks 
Hours 



.Quarter 



Credit Hours 



Semester 
-Credit-Hours 



Basic Science Courses 
. Mathematics 
Physics 



198 
165 

363 



18 
12 

30 



12 

'8 

20 



Non-Technical Courses 
Communications 
Humanistic-Social Studies 



110 
143 

253 



10 
13 

23 



6.67 . 
8.67 



15.34 



Technical Courses : 
Technical Skills 
Technical Specialty 



Totals 



,220 
946 

1166 

1782 



^-6 
50 

56 

109 



4 ' 
33.33 

37.33 

72.67 



jDe/ete 



Introductory . 
Electroriips I 




Electronics I 
(Resistive Electronics) 



Electronics 0 
(Pulse Circuits) 



Circuits I 
( Resistive Circuits) 



Circuits II 
S T.C." Circuits 



Circuits m 
(Networks) 



Mothemotics I 
(Algebro ft Trig) 



Mothemotics II 
(Trig 8 Intro to Cole) 



Mothemotics m 
(Colculus) ' 



Mothemotics IS 
( Intro to Oif. Eqs ) 



"^Electronics HI 




Technicol 




(Advonced Electronics) 




Elective 












k 




? 


l 


Technicol 




Technicol 




Technicol * 


Elective 




Elective 




Elective 



Fig. 1 Flow Chart for Mathematics, Circuits, Electronics 
and Technical Elective Courses 



/ 



/ 

/ 

/ 



e-foilowjijig ^three pages S * U ^J^) a su gS este( * two-year curriculum 
for EltcA/iOiiic-Voiwi Technology structured-oiua. six-quarter plan, 

(2) the curriculum summary in clock hours and credit hours and 

(3) .a flow chart of the significant courses in- the curriculum. 

* Participants in a U of I Academic Year Institute (1968-69) for 
electronics teachers, supported by the National Science Foundation, 
were actively involved in the -structure of this material. It is 
from a bulletin identified as "Engineering Technology Series No. 5, 
U970" developed at the University of Illinois, Department of 
General Engineering, UrbaniT, Illinois. 

The reader is encouraged to compare the structure of this Elec- * 
tronicvPower Technology Curriculum (Series No. 5) with that of the 
preceding section (From Series No. 3) to observe the following: 
- a. The first four* quarter-terms appear to be essentially 

the same for the two programs. Actually, however, 'there 
i s some ad just men t jn_the_su]bjeiC^t^atter_of_CircuLts III 
(Network Analysis) in the, fourth quarter. This adjust- 
ment involves emphasis on circuits appropriate to power 
systems. • * 

b.* The technical specialty courses, in the last two quarters, 
are directly related to the power field. This is represen- 
tative of an option concept, offered or not at the discretion 
of a^particular institution. Other options are possible, 
such ass Communications, Industrial Control. Systems, 
Computers, etc., 




. ' Course 



HEtECTRONIC - POWER TECHNOLOGY. 
(A Suggested Two* Year Currifculum) 

• Hours 

Class ^LaboraSo^ — - — Contact 



t 1st Quarter 
Mathematics I (Algebra & Trig.) , 
Introduction to Electronics Technology 
Communications I - 

i 

Mechanical Drafting 
Psychology of Human Relations 



2nd' Quarter 

Mathematics II (Trig. & Introduction 
to Calculus) 

-Computer T Science^ ~ 

Circuits I (Resistive Circuits) 

Communications II 

Electrical-Electronic Drafting 



5 
0 
4 
1 
4 
14 



4 

' ' 3 
4 
3 
1 
15 



3rd Quarter 



Mathematics III (Calculus) 

Electronics I (Resistive Electronic 
Circuits) . j 

Circuits II (STC Circuits) 

' Physics I . 



4th Quarter 



3 
4 
3' 
15 



0 
2 
3 
0 

J_ 
9 



3 
3 

_2_ 
8 



4 

5 
7 

3 
5 

24. 



6 
7 

5 



23 



Credit 



0 


5 • 


5 


* 

6 


6. 


2 


0 


**. 4 ■ , 


4 


6 


7 


3 


0 


4 . 




12 


26 


18 



4 
4 
5 
3 

2' 



18 



4' 

5 

4 



18 



Mathematics IV (Introduction to 










(Differential Equations) 


3 


0 


3 


3 


Electronics II (Pulse Circuits) 


3 


3 


6 


4 


Circuits III (Network Analysis) 


3 


3 


6 


4 


Physics II 


3 


2 


f 5 


4 


Industrial Organization & Operation 


3 


-.0 


3 


3 




15 ! 


8 


23 


18 



9 

ERIC 



18 

3!7 



A: 



- " .Course 

5th Quarter 
Industrial Electronics* I (Devices) 
' Physics.ni 
Introduction to Power Circuits 
Economics of Industry 
Technical Report Writing 



Class 



. Hours 
Laboratory Contact 



Credit 



2. 


3 


5 


3 




3 


' 2 


5 


4 




3 . 


3 


6 


.•' 4 ■ 




3 


0 


3 


3 




3 


<T 


3 % 


3 




14 


8 


22 







iQuarter 



Industrial Electronics II (Systems) 



Energy Conversion - 
Energy System Controls' 
Transmission Lines 
Nontechnical Elective 



4 
3 
3 
3 
3 

13 



3 
3 
3 
3 
0 
12 



' 4 
6 
6 
6 
3 

25 



2 
4 
4 
4 
3 
17 



Curriculum Summary in Clock Hours and 
Credit Hours 



Clock 
Hours 



Quarter - 
Credit Hours 



Semester] 
Credit Hours 



Basic Science Courses 
. Mathematics 
Physics 



Non-Technical Courses 
Communications 
Humanistic- Social Studies 



lam 



187 
165 

352 



110 

ML 

253 



17 
12 

29 



10 
13 

23 



11.33 
8.0 

19.33 



6.67 
8.67 

15.34 



ERIC 



Technical Courses 

Circuits & Electronics 
\ Computer Science & Drafting 

Power 



Totals 



418 
187 ' 
363 

968 

1573 

19 

«7 o 



24 
9 

54 
106 



16 
6 

14 

36 

70.67 



Introduction 
, to 
Electronic 
Technology 



Motherworts I 
(AtOtOco STrig) 



/lAfgtOf* 
ZI 



Circuital' Computer 

• J (Resist** Grcues) * y Science 



Electronic* I 
(ResHtt* 
•Electronics) 



Circuits ]l 
> (ST C Circuits) *~j 



Electronics S 
(Pull* Circuit*) 



Mothemotics H 
(AtOtOro-a Tng) 



M ot tomo t ics g 
(Cofculm) 



Circuits HI t 
> (Networks) i 

/ r / 



Industriol 
Electronics I 
(Devices) 



Physics I 



Mojhemotics XZ 
Of*o.to OtftEqs) 



Physics H 



Irttro^ucton 



Circuit* 



Industriol 
Electronic* S 
(Systems) 



Physics 01 



Energy 



Transmission 
*i Lines , 



Energy 
Systems 

'Controls 



Fig # 1 # Flow chart for the mathematics, circuits, electronics, 
power and physics courses* 



Otter 
Tediaoloflee 



\ 



LUctrooJcs 
TedMolofjr 





\ 










V 








^ PHYSICS 1 


/ 










^MtcHMlCi)^ 












> 














PflYSlCsfe 






» 






/ 


(Op(lc$> 


\ 








^Electricity L mpwtiiw^ 








f 


« 






t 




.Physics m 










PHYSICS Ut 


(M^tt L ThermariyMmie*) 








(tiectrooic«> 


" ^ (Modern PLyficM 








(Modern Phytic*} ^ 



Fig. 2. Flow chart for* the physics courses. 
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THE ELECTRONIC^* TECHNOLOGY CURRICULUM 

(FOUR-SEMESTER PROGRAM) 



A A suggested tworyear Electronics Technology Cur- 
riculum on a four semester plan i% shown on the next 
page. This particular program Was proposed in an 
"Engineering Technology Series, No. 2, 1964" -and devel- 
oped at'the University of Illinois.' .It was the first 

, curriculum,, guide in the scries of guides for elec- 
tronics technology.. : \ ' 

The reader is encouraged to compare this program 
with the other .two" (Series No. 3 and No. 5) which are 

i . » * . 

presented in the preceding two sections of thte re- 
port. Observe *he* following, in these comparisons: 
a. The same sequence circuit theory courses 

arc found in ail three programs: Resistive < 

i t 

Circuits, STC Circuits, and Networks. This 
was the first time that such a sequence wtis 
proposed and published. 
. . b. The same sequence of. courses in the Funcfa- 
m&vtat6 a& E£ectt0»uc6 is show* in all 
three programs: Introduction to Electronics 
* -Technology, Resistive Electronics, Pulse 

Circuits and Linear Electronics. This was 
the first time tha^an INTRfc course (See 
Chapter 5) was proposed, in a publication, . 
as a way tcget started with an electronics 
* technology curriculum. 

c. The quarter plans probably permit, more 
flexibility in scheduling and sequencing 
(particulari ly)- of major subjects and topics. 
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SUGGESTED TWO-YEAR ELECTRONIC TECHNOLOGY CURRICULUM 



Course 




Class 



1st Semester 



Mechanical Drafting 
Technical Mathematics I 
Communication (oral, written & Verbal) ' 
Electronics I (Introduction to Electronics) 
. Circuits I (Resistive Circuits) 
Orientation 



15 

2nd Semester 



Electronic Drafting 
Technical Mathematics II « 
Technical Physics I (Mechanics & Heat) 
Circuits II (Si;*gle-Time-Constants) 
Electronic sMl (Resistive Electronic Circuits) 



Technical Mathematics in 
Technical Physics II (Light, Sound & 

Modern Physics) . 
. Circuits III (Networks) 
Electronics in (Pulse Circuits) ^ 
Economics of Industry 



3rd Semester 

. s 3 
4 



3 
3 

17 

4th Semester 



Technical Reporting — • - 

Psychology & Human Relations * ^ 
Industrial Organization & Operation 
Electronics IV (Linear Electronic Circuits) 
♦Technical Elective _ - 



3 
3 
3 
3 
3 

is 



Hours 
Laboratory Credit 



0 
0 

4, 
*4 

0, 



? 

5 

3 

2 

. 5 

<~7$ 

18 



0 



10 



8 



3 

4. 

4 
5 
3 

19 



3 
3 
3 

?4 
,4 

17 



Contact 



28 



h 


4 


2 


5 


;5 " 


0 • 


- 5 


5 


'4 . 


2 


4 


6 


3 


3 


4. 


6 


2 


,3 


3 . 


5 


15 


12 


C 18- 


27 



3 
6 

v 7 
7 
3 

27 



3 
3 
3 
9 
7 

25 



♦The technical elective should be an electrical course of some one area of specialization as 
desired for a particular program. * 



A few possible courses are:. 

' 1. Servomechanisms 

2. Industrial Control Systems 

3. Computers and Programming 

4. Electrical Machinery and Control 

5. UHF and Microwaves • 



r 
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Curriculum /Sumtnary in Clock «ours and 
^ Credit Hours * ( 

Cfock, Credit 
Hours Hours 



Basic Science Courses 

Mathematics 
' Physics 

Non-Technical Courses 
Communications* . 
HumanlstioSotfial Studies 



r 208 



t 



} 



Technical Courses ^ 
^Technical Skills ; 
Technical Specialty ) 

. . • ' ♦ Totals 



13 



. 192 


8 


40or 


21 


9G 


6 


144 


9 


240 


.15 ' 


176 


. 5 


864 " 


3-1 


1040 


36 


;>° 


72 



PHILOSOPHY OF ENGINEERING TECHNOLOGY EDUCATION 



GENERAL- RETIREMENTS . ' 

The education program described in , this pub- 
lication is organized to provide 2 years of full- 
time study in the specific field of electronic 
technology. The course work outlined in this 
publication is so arranged as to provide a compe*- 
tency upon completion enabling the graduate to 
work directly with the design, test, development, 
and research groups of an industrial complex. 

The increasing demands of our technocracy 
upon our technical personnel are such' that ad- 
ditional academic training beyond the. high school 
is a prerequisite for successful employment, 
placement of our youth. Job obsolescence, due 
to new advances in our modern technology, require 
employees to obtain additional training to re- ' 
main employable. The abilities required by* our 

technical personnel have been broadly defined 

\*- 

as follows: ■ 

1. Facility with mathematics; ability to use 
algebra and trigonometry as tools in the 
development of ideas that make use^of 

- „ scientific and engineering principles; an 
understanding of, though not necessarily 
facility with, higher mathematics through 
analytical geometry, calculus, and differ- 
ential equations, * according to the require- 
ments of the technology. 

2. Proficiency in the applications of physical 
science principles, including the basic 
concepts and laws of physics and chemistry 
that are pertinent to the individuals field 
of technology. 

3. An understanding of t the materials and 
processes commonly used in the technology. 

4. An extensive knowledge of a field of 
specialization, with an understanding of 
the engineering and scientific activities 
that distinguish th^technology of the field. 



The degree of competency and the depth of 
understanding should be sufficient to en- 
able the individual to do such work as 
' detai 1 'design procedures* 

,5. Communication skills that include the ^ 
\ j , 

ability to interpret, analyze, and trans- 
mit facts and ideas graphically, orally, 
and in writing* 

To further identify the educational cri- 
teria for programs of engineering technology, the 
American .Society for Engineering Education has 
completed a study under a grant from the National 
Science Foundation on the evaluation of tech- 
nical institute education. The results of this 
study have been published in a report entitled, 
ChaAactWAAbLc. oh Excellence in Engineering 
Technology Education* 

The objectives, Standards of excellence, and 
minimum subject area requirements as represented 
i*n the above two reports have been accepted 
generally by educators in the field of engineer- 
ing technology. The structure and implementa- 
tion of engineering technology curricula re- 
quire a consideration of a number of factors, 
some of which are common to all engineering 
technology curriculum and others- that ar£ unique 
for the electronic technology curriculum to 
which this publication is directed- m v 

PROGRAM OBJECTIVES 

In general., the functions performed b)' the 
engineering technician are closely related to 
research, development and engineering activities. 
Accordingly, any engineering technology curric- 
ulum is constructed to* provide the educational 
background necessary for the many functions of 
the technologist at the levels of design, devel- 
opment, testing, production and research. 



*Taken from curriculum guides prepared at the University of Illinois 
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THE CURRICULUM* , 

An engineering technology curriculum is a 
minimum two-year program of four semesters or 
six quarters leading to an Associate Degree. 
It is a college level program but differs sig- 
nificantly from a pre-engineering curriculum. 
The 'first two years of an engineering curriculum 
are primarily devoted to mathematics, science, 
and general education , .with .very few specialized 
te chnical. courses . On the other hand, an engi- 
neering technology program must initiate 
specialized technical courses early in^the pro- 
gram if the desired objectives are to.be accom- 
plished within the time available." The sequenc- 
ing of, courses and topics must be carefully 
organized to permit the student to develop to 
the desired levels of competence, An engineer- 
ing technology curriculum must conserve the 
rigor of effort on the part of the student that 
is equivalent to the rigor of effort required 
in a college program. .. 

An engineering technology curriculum must 
be structured so that it prepares its graduates 
functionally: 

1. To enter into a job and be immediately 
productive with a minimum of on-the-job 
training. 

2. To provide the technical and scientific 
background to prepare him to keep abreast 
of developments in technology throughout 
his career. 

3. To enable Ithe graduate with a reasonable 
amount of industrial experiences to advance 
into positions of increased responsibility. 

In addition, it must also include sufficient 
work in the non- technical area to prepare the , 
individual to participate fully in the society 
of which he is a part. 
* 

FACULTY 

The ultimate quality of the curriculum de- 
pends largely upon the quality of the faculty. 
The specialized nature of the curriculum re- 
quires that the teachers have special competen- 
ces. These competences are based on technical 



proficiency in subject matter and industrial 
experience. Another important consideration: is 
that all members of the engineering technology 
faculty understand the educational philosophy 
of such programs and be in harmony with the 
goals and unique organizational requirements 
that characterize this area of education. 

To achieve the objectives of the curriculum, 
the subject matter cannot be taught as a series 
of independent courses, but must be presented 
as a closely integrated combination and sequence 
of educational experiences. The staff nust 
work together as a unit. 

It is obvious that a substantial proportion 
of the faculty teaching the technical specialty 
courses be graduate engineers. Experience has 
shown that engineering technology graduates . 
who have acquired industrial experience and 
have continued their education often makev 
excellent, teachers in this type' of program.^ If 
the curriculum is to keep pace with technology, 
it is not feasible to depend to any great extent 
upon faculty members whose technical competence 
is only slightly greater than/ that of the stu- 
dents. The use of an unduly' large number of 
part-time faculty members is undesirable. 

Faculty members must maintain technical 
competence and should be encouraged to par- 
ticipate in the activities of professional and 
technical societies. They should also be en- 
couraged- to keep up with the literature in 
their field, continue their education, and 
maintain close liaison with industry in , the area 
of their specialities by working summers. This 
encouragement is most effectively provided in 
the form of released time and financial as- 
sistance whenever possible. 

Teaching loads should be based on contact 
hours rather than credit hours since, in general, 
this type program requires the faculty member 
to spend a greater number of hours with the 
student per credit hour than do some other types 
of educational programs. Promotions, should be 
based on a balanced judgment of the instructor's 
ability to bring a broad experience and academic 
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AS- 



background to bear on his students, rather than* 
solely on the acquisition of higher academic 
degrees. 

STtWEUT SELECTION 

While the effectiveness of an, engineering, 
technology program depends on the quality of 
the faculty, its success depends even more 
heavily on the quality of its graduates. It is 
essential, therefore,, that the .students accepted 
into the program be capable of successful 
accomplishment of the educational objectives 
of the program. If the incoming students 1 
backgrounds are inadequate, instructors will 
tend to adjust their courses t& these inadequa- s 
cies* The inevitable result will be a program 
of depth and scope less thanthat implied by 
the curriculum and a lack of utilization o£ 
faculty capabilities. 

Any discussion of academic standards, 
therefore, must be preceded by a statement 
of admission requirements and student selection. 
The assumption on which this suggested curriculum 
is based is that the incoming students have 
been graduated v from an accredited secondary 
school or have an equivalent education. In 
addition, the student should exhibit some 
evidence of sufficient ability and the necessary 
aptitudes for satisfactory achievement in the 
program. 

In the opinion of the committee, a satis- 
factory engineering technology program re- 
quries the following minimum secondary school 
units: 

a. Three units of English. These should 
provide the student with the basic tools 
of effective communication. 

b. Two v units of Mathematics. One unit iii 
algebra and the other in plane geometry 
(or the equivalent of these in integrated 
mathematics) . 

c. One unit in Physical Science. Whenever 
possible, this unit should be either in 
physics or chemistry. 

Students entering without these minimum 



secondary school units should not expect to 
complete the program in the allotted time. If* 
such students are admitted, non-credit courses 
in these areas should be provided to bring the 
student. -to the required levei of proficiency in 
these areas. 

..Transfer t of credit from other institutions 
should be evaluated realistically on the basis 
of comparative course content and objectives. 
They" may be validated, if in question, by re- 
liable proficiency examinations. Automatic 
acceptance for credit without adequate evalu- 
ation should be avoided. 

9 

STUVENT SERVICES ' 

Whenever possible, institutions offering - 
engineering technology programs should con- 
sider the use of standarized or local tests to 
assist in student selection, placement, and 
guidance. Effective guidance and counseling 
are essential. The student should be aided in 
selecting educational and occupational ob- 
jectives consistent with his interests and 

\ 

aptitudes. He should be advised to revise 
his educational objectives if it becomes ap- 
parent that he is more suited to other pro- 
grams, either in engineering, or vocational 
training,- or another technology. 

The graduate should -be give^n all possible 

• assistance in finding suitable employment. 
Placement personnel should be aware of the 
needs of industry, familiar with t^e curricula 

, offered by their institution, and sftould be 
in a position to acquaint prospective^ employers 
with the various types of positions for which 
their graduates are qualified. The placement 
function is extremely valuable tx> the student, 
the institution, and industry. 
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UNIVERSITY INVOLVEMENT IN TECHNICAL EDUCATION 



INTR0PUCTI0W 

The title/of mvX&fk is "University Involve- 
ment in T£cjtert?al Education. " For the purposes 
oj>this presentation I will restrict myself to 
the ^involvement of the University of Illinois in 
technical education and in that way ^perhaps 
suggest to you how other universities might 
undertake a similar input. The involvement began 
back in 1957-58 when a study was conducted andl 
a rejjjMpTVrfritten to suggest how the College of 
Engineering might become involved in the prepa- 
ration of engineering technicians."" The recom- 
mendations of the report were not followed, 
however, this formed a basis for further activity 
when the implementation of the National Defense* 
and Education Act of 1958 was passed by the 
National Congress charging the individual states 
with the responsibility of carrying out Title 
^VIII of this act that had to do with the prepa- 
ration of high-level technicians to work in the 
defense related industries. In 1959 a committee 
of the College of Engineering was organized to 
assist the State Board of Vocational and Tech- 
nical Education in the implementation of this 
act in the Stateof Illinois. The activities 
that* have evolved from this initial involvement 
consist of the following: 
Teacher Preparation 
Curriculum Research 

Professional Organizational Articulation 
Contributions to the Literature of the 
Field 

Conferences, and j 

Advisory Consultant Services. 
1 would like to spcfod a little time to discuss 
each one of these/ topics. 



TEACHER PREPARATION 

When meeting with various* people in the 
State of Illinois concerning the implementation 
of high-level technician training programs, 
it became apparent that the number one problem 
that faced. the State of Illinois was the problem 
of having qualified instructors available to 
teach in these programs. In Checking around 
with other states/ it soon became apparent 
that this was a national problem. Therefore, 
this p|pvided the initial impetus for the 
submission of a proposal to the National Science 
Foundation for" the funding of a summer institute 
program to provide upgrading course work in the 
subject areas of machine design and electronics, 
technology. The Summer Institute was designed 
to enable those people who were teaching in 
the field without previous academic subject 
matter course work to retrain themselves and, 
thereby, be able to prepare the high-level 
engineering technicians as were 'described by 
Title- VII I of the National Defense and Education 
Act of 1958. The first such summer institute 
was funded in 1961 and fortunately has been 
funded ever since, including th<* one that is 
being funded for 1970. 

In addition to this, five academic year 
institutes have been funded by the National 
Science Foundation which provided opportunities 
for fifteen participants each year to come and 
study for a year in residence on the campus over 
a ten month period. These were structured to 
provide additional opportunities for teachers 
to gain the necessary cognitive and pedagogical * 
skills to present the material in the more 
advanced courses in high-level engineering 



Merry &. Dobrovolny, Professor and Head Department of General Engineering, 
Delivered at the Electronics Conference February 25, 1970, Champaign, Illinois. 
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/' 

J 

technician preparatory programs. Approximately 
' four hundred individuals have participated in 
the summer institutes and ^academic year insti- 
tutes. ' 

In addition to this, as a result of the 
experience gained in these institutes, a Bach- . 
elor of Science in the Pr-eparation^of Teachers „ 
of Engineering Technology and a Post-Baccalau- 
reate Certificate in the Preparation of Teachers 
^of Engineering Technology in the fields of 
electronics "technology and machine design tech- 
nology have been established as a recognized 
degree at th'e University of Illinois. These 

s 

have : served as models for other institutions of 
higher learning- to follow. 
, ' A great deal more can be done in this area 
of teacher preparation. At the present time 
there is a significant number of persons with 
pertinent industrial experience, such as engi- 
neers with masters degrees in a subject matter 
specialty with five to ten years of critical 
experience in industry, whQ are entering ^the 
field of technical education.,, There is a 

great need for organizing some type of either 

i . . \ 
in-service or pre-service training programs to 

provide them with the proper philosophic 
approach with respect ^to teaching in two-year 
associate degree programs in engineering tech- 
nology. In addition to this, there is a need 
for organizing doctoral level programs to take 
these kinds of selected individuals with this 
kind of a background in their subject matter 

specialty and build upon tha t the necess ary 

prerequisites to provide them with leadership 
potential as administrators and researchers in 
the field of technical education. 

Another source of competent teacher personnel 
is from the ranks of the graduates of two-year 
associate degree programs , .particularly those 
that have had three or four years of industrial 
experience. There is a great need for univer- 
sities to organize : new teacher preparatory pro- 
grams and receive financial support for the 
students that will enroll in these programs. 
The general idea would be to build on a '"plus 
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two" component of a four-year program that is 
articulated with the two-year associate degree 
'work that had been completed by the student. 
In' the finaj analysis, this type of an individual 
will provide the best teaching capability for 
the two-year associate degree programs* 

CURRICULUM RESEARCH 

Another very active part of. the involvement 
on 'the part of the Engineering Technology 
Curriculum Advisory Committee at the University 
of Illinois has been in conducting manpower 
need studies, follow-up studies, and the devel- 
opment of various curriculum guide's. . All of' 
these activities have been done in cooperation 
with, persons from industry, as well as those - 
that are teaching in the field.. At the present 
time we have developed a curriculum guide in 
electronics technology, machine design tech- 
nology, civil technology, nicro-precision 
technology an d one in electrical power tech- 
nology which is being printed at the present 
time. In tlje case of the electronics and 
machine design, both a semester guide and a 
six-quarter guide -have been developed. These 
curriculum x guides have provided a foundation 
level for schools entering into technical 
education. A large number of junior colleges-- 
in the past primarily liberal arts -oriented 
ancf now becoming comprehensive junior colleges- 
have found this kind of assistance invaluable 
to them. 

Thereis-a~need--for -other areas within the 

University to become involved in the develop- 
ment, of resource material for the semiprofes- 
sional fields that are related to their 
specific subject matter specializations, such 
as in the health fields and the agricultural 
science areas. All evidence points to the 
expansion of this kind of an activity and a ~ 
number of other colleges are becoming involved 
in these kinds of projects. 

WGHSSIOUAL ORGANIZATIONAL ARTICULATION 
One ofj, the greatest involvements by the 

- / . 



University of Illinois is the effort^ on the part „ personnel to interact with the large number of 
Of the respective members of the Engineering professional organizations tl>at are involved in 

Technology Curriculum Advisory Committee to in- , t he development of a philosophy and posture with 
teract with various professional organizations, 4 respect to technical education. There is a 
such as the American Society of Engineering need fcr a study to develop courses in mathe- 

Education, the Technical Education Research Center, matics, physics, economics, social sciences , 

and other related areas for technical curric- 
ulums. The off-the-shelf approach used by many 



the^ American Association for the Advancement of 



Science, the American Association of Junior 
Colleges, the National Science Foundation, 
American Technical Education Asspciation, the 
National Industrial Conference Board, the U.S. 
Office of Education, the Commission on the Under- 
graduate Program in Mathematics, the College 
Commission on Physics and a host of others. Dur- 
ing the past twelve years the University has 
bejn involved in a significant number of projects 
with these organizations. One of the most recent 
involvements has been with the National Industrial 
Conference Board, the American Technical Education 
Association, the U.S. Office of Education, the 
Engineering Manpower Commission, and the National . 
Advertising Council. This has been a cooperative 
effort that has been organized primarily by the 
National Industrial Conference Board bringing 
together the above mentioned organizations for 
the purpose of organizing a multi-media campaign 
to bring to the attention of four segments of our 
total population the opportunities in technical 
.education. Many of you perhaps have seen the 
advertising material that has been prepared for 
use by the television media as well as the news- 
papers, magazines and radio. The effectiveness 
of^this campaign can be illustrated by virt ue of 



the fact that^ within the first six months over 
500,000 of the booklets that were prepared 
describing twenty-five technical careers have 
been requested by people writing in for copies 
of this program. Representatives from the Univ- 
ersity had a vital input in helping prepare not 
only the text material for the career booklet, 
but also some of the advertising copy. The 
National Advertising Council has identified this 
as one of its top advertising campaigns it has 
ever undertaken. 

There continues to be a need for university 



today just does not meet the needs of the 
technical student. 

CONTRIBUTION TO THE LITERATURE Or THE FIE LP 

I suppose, in the final analysis, a ' 
scholarly institution is measured by its peers 
in terms of the contributions to the literature 
of the field. I feel in this regard that the 
university involvement has be<?n particularly 
effective.. As a result of the work that has 
been done by the individual members of the 
University community working in this area, a 
number of textbooks have been developed. 
Professor U.S. Babb has authored, I believe, 
two texts in electronics and is. in the process 
of authoring several others in his spare time. 
Professor R.J. Placek has written two texts 
in technical mathematics. I have also been 
involved in two texts in the graphics area. 
A large number of papers and reports have been 
generated with respect to specific topics as 
they are presented at various conferences 
throughout the United States. Many of these 
become resource papers for further study. 

In the field of curriculurn.guides,, I feel 

the contributions have been uniquely significant. 
It is,one thing to talk in broad general philo- 
sophic terms about what the content of a two- 
year associate degree program in a specific 
technology should be and altogether a different 
Jcind of an input to actually incorporate this 
philosophy into a workable curriculum. The 
requests for these curriculum guides that have 
been developed by our particular effort has 
been in the thousands. We have had to reprint 
some of these guides three times. 
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It is fully anticipated that the contribution 
to the literature of the field by this electronic 
curriculum project' again will be significant and 
provide a bench mark in the field of electronics 
technology education. , * 

The Technical Education Supplement of In- 
dustrial Arts and Vocational Education is provid- 
ing a forum for technical eHucators. "All of you 
are encouraged to submit articles for publication 

CONFERENCES ^ 

One of the most effective ways of communi- 
cating the ideas a'-veloped within the university 
community with respect to technical education 
is through the vehicle of conferences. The 
individual members of the Engineering Technology 
Curriculum Advisory Committee have participated 
widely in conferences having to do with tech- 
nical education. They include conferences 
sponsored by the U.S. Office of Education; the 
American Technical Education Association; indiv- 
idual subject matter conferences, such as is 
being held here with respect to this curriculum 
project; the American Society for Engineering 
Education; the American Society of Civil Engi- 
neers and a host of other involvements. One of 
.the greatest problems with respect to technical 
education, as you all are aware of, 1 am suit, 
is the problem of semantics. It is through this 
vehicle of participating in these conferences 
that a positive posture, with respect to a 
unified semantic identification of the field of 
technical education, has been developed. 

University personnel have b'een involved in 
the organization of at least two conferences a 
year, either at the University or at some other 

7 

location. These conferences have proved to be 
extremely effective in terms of bringing together 
experts in their field for a short period of 
time to address themselves to the critical prob- 
lems relating to technical education. 

ADVISORY CONSULTANT SERVICES - 

The advisory consultant services that have 
been offered by^the Engineering Technology 



Curriculum Advisory Committee over the past 
twelve years covers a wide range of activities. 
One of the most important, of course, is the 
volume of correspondence that continues to 
flow to the University from interested parties 
covering a wide range of subject matter. 
Individual members of the Committee are called 
upon to meet with local advisory groups at 
various stages of development. Many times they 
are called in at the^ initial stages of the 
inauguration of associate degree programs in 
engineering technology. Other times they are 
called in after the program is started and. 
they find they are having difficulty with some 
facet of program implementation. In meeting 
with these .local groups, the individual committee 
member of the Engineering Technology Curriculum 
Advisory Committee has been able to serve as 
the moderator between various groups in the 
local community and, as a result^ has been 
atyle to move programs off dead center and provide 
an educational opportunity for students in 
their respective areas. 

All through the years there has been a \ 
close cooperative effort between the staff of 
the State Board of Vocational and Technical 
Education and, more recently, the junior 
college board st,. in terms of program imple- 
mentation in the State of Illinois. In addi- 
tion to this, there has been an input to the 
State of Illinois Advisory Council on Voca- 
tional Education. This Council is a newly 
established body charged with the responsi- 
bility of evaluating vocational and technical 
education being conducted and reimbursed from 
the vocational education funds by the federal 
government. I would urge all of you to be- 
come familiar with the councils in your re- 
spective states and urge them to carry out 
their responsibilities as they are charged 
by legislation. *C 4 

FLAWS FOR THE FUTURE 

The future for technical education is in- 
deed bright. The greater involvement by a 



larger number of universities must take place 
in the near future. There is a need for addi- 
tional conferences involving other universities 
to. encourage them to organize programs similar 
to those that have been discussed here. There 
is a need for undertaking new research activities 
in the development of curriculum material for 
the now and emerging technologies, such as in 
ocean engineering, marine biology, physical 
science technology, etc. 

The need for the development of new graduate 
programs to prepare teachers and administrators 
for -junior colleges and technical institutes, in 
the area of technical education, is an area where 
the universities can make perhaps their greatest 
contribution. The need for redirecting some of 
the resources that are now being used for out- 
moded programs in the preparation of industrial 
arts teachers and vocational educators to new 
kinds of programs, to meet the needs of the 
present community college is a challenge that 
must be met by the universities. There is a . 
close cooperative activity existing in this 
campus between representatives from the College 
of Engineering and the College of Education in 
the implementation of these kinds of activities. 

The need for research in the area of stu- 
\H? nt identification, motivation and program 
implementation at the secondary and post-secon- 
dary level is great indeed. The present testing 



programs that are used in high school to identify 
the verbally academic talented .students do not 
provide the vehicle for identification of those 
students that are motivated by other than purely 
academic achievement. The problem of identifi- 
cation of cognitive skills relating to the 
applicatory aspect of the new and emerging semi- 
professional occupations has' just barely been 
scratched. The need for developing guidance and 
counseling activities in this direction, again, 
is an area where University involvement can make 
a significant contribution. Dr. Ken Hoyt, from 
the University of Iowa, is a pioneer in this 
' activity. 

There is a grea\ urgency for more detailed 
manpower need data that accurately reflects 
the need of semiprofessional personnel by their 
respective professional groups working in our 
society. Here again, the universities can make 
a significant input. However, throughout 
all of these considerations, the basic thread 
of cooperation must exist between the univer- 
sity, the user of the product and those in- 
volved in the teaching and the preparation of 
the product. Without this cooperative spirit, 
the end result will b«^ meaningless. We like'.' 
to think that here at the University of 
Illinois we have been able to achieve a modicum 
of success in this interdisciplinary cooperative 
effort on behalf of technical education. 
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PROFESSIONAL, TECHNICAL, VOCATIONAL AND INDUSTRIAL 

ARTS EDUCATION 



The changing manpower needs of our society 
have been extremely rapid during the la'St two 
decades* In many cases the program offerings 
at community colleges have been much better 
attuned to these needs than have the teacher pre- 
paratory programs at our teachers' col leges . One 
of the important, areas of understanding that is 
required as a' basis of discussion is that of the 
semantics relating to technical education. The 
four terms most relevant to the discussion are 
industrial arts education, vocational education, 
technical education, and professional education. 

INDUSTRIAL ARTS EVUCATlOU 

Industrial arts education has been considered 
a part of general education and is referred to 
as being exploratory in nature. The industrial 
arts programs are normally offered in junior and 
senior high schools and are survey courses in 
such subject areas as metalshop, woodshop, home 
economics, drafting, electricity, and autoshop. 
Gordon 0. Wilbur in his book on Industrial Arts 
in General Education defines industrial arts as: 

"Those phases of general education which 
deal with industry—its organization, 
materials, occupations, processes, and 
products—and with the problems result- 
ing from the industrial and technolog- 
iCi aT~natu r e~o f "soc i e ty . " 

VOCATIONAL EVUCATIOU 

Vocational education is normally described 
as preparatory in nature to prepare a person 
for immediate employment on a specific job on 
the occupational ladder. It is a level of 
education that concentrates on the .development 
of manipulative skills., Some of the typical 
vocational curricula that are available are 
in such areas as trade and industrial education, 
distributive education, home economics education, 
vocational agriculture, business and secretarial 



training, and various^ others. The occupational 
titles of those completing the programs .are 
normally the following: carpenter, stone mason, 
plumber, auto mechanic, applicance repairman, 
secretary, cook, bookkeeper, salesman, etc* 
The U.S. Office of Education's Cooperative 
Project for Standardization of Terminology 
in Instructional Programs in Local and State ' 
School Systems defines trades and industrial 
occupations as follows: 

"Trades and industrial occupations is 
the branch of vocational education which 
is concerned with preparing persons foV 
initial employment, or for upgrading or 
retraining 'workers in a wide range of 
trades and industrial occupations. Such 
occupations are skilled or §emiskilled 
and are concerned with layout designing, 
producing, processing, assembling, test- 
ing, maintaining, servicing, orjrepair- 
ing any product or commodity. Instruc- 
tion is provided (1) in basic manip- 
ulative skills, safety judgment, and 
related occupational information in 
/ mathematics, drafting, and science re- 
quired to perform successfully in the 
occupation, and (2) through a combi- 
nation of shop or laboratory experiences 

simulating those^found in -industry and 

classroom learning. Included is in- : 
structioji for apprentices in apprent- 
iceable occupations or for journeymen 
already engaged in a trade or industrial 
occupation . " • 
The significant thing to recognize when . 
we are talking about vocational education is 
that there are many new fields that have 
developed in the last twenty years requiring ^ 
a level of education at the vocational level 
to train persons for employment in the specific 
field. The health related occupational titles 
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have had„a significant number of job classifica- 
tions requiring a vocational education as a 
preparatory laboratory and classroom experience 
prior "tot employment . 

TECHNICAlVePUCATION 

\ 

T Jchni*cal education is perhap$ the most 
isundprstood term in our "taxonomy. It^seems 
to^mean all\ things to all people." The data 
compatibility group of the National Center for 
Education Statics for the U. S. Office of 
Educa€ion. has developed (1966) a definition of 
technical education to read as follows: 
"Technical education is concerned with 
that body i of knowledge organized in a 



planned sequence of. classroom and lab- 
oratory experiences, usually at the 
postsecondary leVel, to prepare pupils 
f^>r a cluster, of job oportunities in 
a specialized field \f technology. The 
program of instructionvnormally in- 
cludes the study of theiinderlying 
sciences and supporting mathematics 
inherent in a technology, akwell as 
methods, skills, materials, and processes 
commonly used and services performed in 
cthe technology. A planned sequence of 
study and extensive knowledge in a field 
of specialization is required in tech\ 
nical education, including competency 
in the basic communication skills and* 
related general education. Technical 
education prepares for the occupational 
ar.ea between the skilled craftsman and 
the professional person such as the 
doctor, the engineer, and the scientist. 

•The technical education curriculum 
must be so structured that it prepares 
the graduate to enter a job and be 
productive with a minimum of additional 
training after employment, provides a / 
background of knowledge and skills which 
will enable him to advance with the 
developments in the technology, and en- 
ables him, with a reasonable amount of 



experience and additional education, 
to advance into positions of increased 
responsibility. " 

"The technician frequently is employed 
in direct support of the professional 
employee. For example, the engineering 
technician will be capable of performing 
such duties as assisting in the following 
engineering functions: designing, 
developing, testing, modifying of 
products and processes, production plan- 
ning, writing reports, and preparing 
estimates; analyzing and diagnosing 
technical problems that involve in- 
dependent decision?; and solving a 
* wide range of technical problems by 

applying his background in the technical 
specialties--science, mathematics, and.' 
communicative and citizenship skills. " 

The person completing a technical education 
program is called a technician., Most programs 
are two years in length and upon completion the 
graduate receives an associate degree in applied 
science or in a specific technology. In the 
case of the engineering related technology, the 
American Society for Engineering Education in 
its publication Characteristics of Excellence 
in Engineering Technology Education (1962) 
defines an engineering technician as follows: 

- "One whose education and experience 
qualify him to work in the field of 
engineering technology. lie differs 
from a craftsman in his knowledge of 
scientific and engineering theory and 
N \* methods, and from an engineer in his 
^ more specialized background and his 
use of technical skills in support of 
engineering activities ." 
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The, technician works very closely in sup- 
port of the professional person. He assists 
in developing the project that the team is 
working on and will become involved with cal- 
culations, prototype development, liaison work 
with the craftsman, and a wide range of support 

\ 



activities. Similar identifications of 4 tech- 
nician activities can be developed^for the 
other professional fields, such as health, busi- 
ness, agriculture, architecture, etc. The con- 
tent of a technical curriculum is cognitive in 
nature dealing with the more applicatory aspects 
of the particular science relevant to the tech- 
nology being studied. The emphasis of using the 
laboratory experience as a vehicle for discovery 
is a significant characteristic of a technical 
education "program. It is college level from * the 
^standpoint of the rigor and applicable from the 
standpoint of the method of presentation of the 
subject matter in respective topical areas. This 
-includes the basic sciences, as well as the mathe- 
matics. 

PROFESSIONAL EDUCATION 

Professional education is designed to prepare 
a person to enter the occupational ladder at a 
level that will require the capability of decision 
making with respect to ttye ^solutions of the prob- 
lems facing society. Some of the recognized 
professional identifications are the -engineer, . 
the lawyer, the doctor, the economist, the^ accoun- 
tant, the agricultural scientist, the physicist, 



the chemist, etc. The normal preparatory program 
requires at least four years of basic training, 
acquiring a bachelor's degree, followed by addi- 
tional professional training and education such 
as law'school, medical school, and advanced de- 
grecs in engineering, the biological and physical 
sciences. As an example, the professional engi- 
neer is identified as follows: 

!, A professional engineer is competent 
by virtue of his fundamental education 
and training to apply the scientific 
method and outlook to the analysis and o 
solution of engineering problems. He 
is able to assume personal responsibil- 
ity for the development and application 
of engineering science and knowledge, 
notably in research, designing, super- 
intending, construction, manufacturing, 
managing, and in the education of the 
engineer. His work is predominantly 
intellectual and varied, and- not of 
^ a mental or physical character. It 
requires the exercise of original 
thought and judgment and the^ability 
to supervise the technical and 
administrative work of others. " 
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CHAPTER 2 

PROJECT APPROACH TO CURRICULUM DEVELOPMENT 



■ . ; - - . <° 

Any teacher of electronics , or a group o£ electronics teachoM, 
wishing to make, adjustment* f in curriculum structure or in the sub- 
ject matter of specified cobvsu, must become involved with the 
pltiJtp&oplii&s. and concept* apptccab£e to a particular discipline 
[Tht Electronic Technologies, in tliU cake) . In other words, di- 
recting one's attention to subject matter of a course, only, is 
not suf patent. 

Theoretically, a£t oi tiie EJCV project time was devoted to the 
core courses- of Circuit Analysis , the fundamentals of Electronics 
and tiie Introduction to Electronics Technology Course . Development 
of subject master and technique* of instruction ion tixcse courses 
become productive only through binding answers to questions, such 
a*: What is electronics education? WhatJ^^^ technicat or • 
vocational education? Are both of ^TeXekAds of education necessary 
in electronic* programs? If to, why and what do we do? What is the 
role 0j{ circuit analytic? How important is mathematics? Is there 
a better my to teach a topic? Is there a -bettzr my to got started 
on major topics? WheXe should the emphasis be placed? Are there 
key words to assist in communicating idea* one to another? 
{NOTE: A tingle word like "Objectives 11 , or any other tingle word, 
-cannot resolve all problems). What are the student need*? What 
are TnduAtry needs? Are. these! two needs the tame? We couZd go on- 
and-on. The sections of t\\Jjs chapter present those concepts and 
viexvpointJS that have been most beneficial to the activities of the 
project. 

■ 
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ELECTRONICS EDUCATION 



ELECTROMCS EDUCATION IVEmtlEV 

The "Organization Chart for Electronics 
Education" presented below provides a reference 
for .the discussion of problems relating to 
curriculum structures /industry needs,. student 
interests, faculty requirements and a host of 
other problem's. Answers to such problems can 
be derived from this organization chart. 

The organization chart defines electronics 
education at any level and for any educational • 
institution/ The chart is applicable to 
Universities, colleg.es, community colleges, tech- 
nical institutes, secondary schools on down to 
elementary schools. The chart is applicable to 
programs leading to a certificate, a diploma,*' an 
associate degree, bachelor of technology degree, 
bachelor of science degree and up* the line to 
the doctorate degree. We wM u&Zrthz cha/U, 
pfumxUij, to help identify the di&ieAent elez- 
tto*up pioQfuute deAignedlfiot the education oi 
tieczkonic technician* -in' tm-'yeax college*. 

First of all, observe* that electronics educa- 
tion Icorisists of the two areas of theofiy and ap- 
pttea. This does not state that theory courses 



ELECTRONICS EDUCATION 



• \ v ; • 

are not practical or that applied courses do 
not involve theory % .It does state, however, 
that the objectives and leVel of a program 

✓Will dictate where the emphasis shall be 

"placed. \ 

Tojnore ful^ly understand what can be done, 
or should be done, in two-year college programs, 
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Fig. 1 Organization Chart, for Electronics 
Education 



it is helpful to\subdivide the theory and the ^ 
applied. The theory side of the electronics 
education spectrum\contains the two areas 
of cVicvuUU and iioMk. The applied side 
of the spectrum can be regarded as containing 
the two areas of device* and iyhtem*. J Each 
of these four areas can be subdivided 'further 
as indicated oa the organization chart. Still 
further subdivisions are possible. The -chart 
is sufficiently complete, however, for the 
purpose of this discussion. 

The end objective for any electronics 
education program is to have an undeMtanding 
and knowledge. o& 6y6tem*. B,ut, this requires 
a knowledge of device* , biebdJt> 9 and CvtAcuita. 
As a sequence for learning we might state: 

. If we can understand circuits and fields, 
(theory) then we can understand devicesand 
systems {applied). This must be true since 

/much of electronics education is based on 
cJUiojJX models . 

VOCmOHKL EVUCmOH IH ELECTRONICS IVEHTlflEV 
Educational programs in electronics are • 
very lik*ely vocationally oriented if the 
theory courses of electronics education are 
•de-emphasized or neglected. Such programs 
will concentrate on particular systems, in- 
struments and devices. Much of the course 
structure will depend on laboratory experiments 
and hands-on experiences. Good programs are 
structured' in this way to satisfy certain in- 
dustry manpower service, maintenance and 
operation needs. 



36 



TECHNICAL EDUCATION IN ELECTRO'MCS IDENTIFIED 

• V- v 

Technical education in electronics can be 
identified with a brief statement by referring 
to the organization chart. A technical education 
pKogtiam in elect/ionics wiM exist i& the cuvtig.- 
ulum, uiuth its* objectives, axe designed to places 
piopen emphasis on the r theon.y courses as well 
as on the appbied counsel. We will leave this' 
statement stand with minimum discussion here. 
The ETCD project, {hrough this report, is devoted 
entirely to the concept of technical education 
for electronics. The graduates will serve certain 
industry manpower needs as aids to engineers 
and scientists. They can provide this kind of 
assistance with minimum guidance in doing devel- . 
, opment work- and non- routine jobs. 

\ ..r . - 

Study o|J fields de-Emphasized 

Only the elements of electrostatic fields 
and electromagnetic fields are necessary and 
desirable for the associate degree programs. 
Only tjiat which is necessary tp understand in- 
duced voltages, inductance, magnetic coupling and 
dielectrics. Nothing>on such things as radiation 
or antenna patterns from the theory standpoint. 

Twdarnvrjbals otf EleciAonics and CiAcuit Analysis 
Emphasized 

A sequence of circuit analysis courses and 
a sequence of electronics courses, as suggested , 
in earlier chapters and the Introduction, will 
satisfy the technical education requirements for 
electronics education. ' 

In support of the efforts of this ETCD 
project it is of interest to quote one of four 
conclusions of a curriculum development study 
being conducted at Wentworth Institute. Their 
reports states: "Stress fundamental circuit theory 
and fundamentals of electronics. Depth in the 
study of fundamentals is preferable to surveys 
of many devices and systems". "Their other three 
"recommendations- relate to "10% tubes- to-90% solid' 
state"; relate to "actual industry practice"; and 



not too ifiuch 
students. 
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emphasis on laboratory grading of 



CincuiX Analysis Is a ttafommtical Piocqas 

Circuit analysis, passive or active, is 
purely a mathematical process. The response 
of circuits and circuit configurations required 
tp give -desired responses jare determined by 
writing circuit equations and evaluating "these 
equations. j * \ 

This being true we h^ve another way, 
therefore, to identify electronics education 
as being technical or vocational in its content 
and objectives. Technical programs are those 
that take advantage of the mathematical process. 
\ One of the major concerns for this EJCD 

project, and hopefully revealed in this report, ; 
is: Hou) to keep tixe labon* o£ mathematics 
at a minimum and stilt take advantage oh the 
mathematical pnocoAS. All circuit analysis 
can be done with no- more than algebra (in- 
cluding complex algebra) and trigonometry 
concepts. This is not to imply that mathe- 
matics beyond these two subjects is not required. 
Watch for discussions on the. needs and uses 
of mathematics throughout the remainder of 
this report, especially in the detailed 
material for the tr six .pli«s one" courses. 



SUmmV STATEMENTS 

The following statements are presented to 
emphasize the information that is available from 
the Organization Chart for Electronics Educa- 
tion, Fig. 1."' \ 

a. A complete education in electronics in- 
volves both theory. and applied. 

b. Neglect the theory (Circuits and fields) 
and electronics^education becomes voca- 
tional education\n electronics. 

c. Include theory subjects, and electronics 
education becomes tetiifUcal education in j 

I electronics (Primarily the cXxcuitS arej 
,for two-year colleges^. * 

d. Circuit analysis requires a mathojnatLfcal 
pioc&SS. Technical' education in el-ec 
tronics_!the_ Electronic Technologies)! re- 
quire, therefore/ a sequence of v maihematics 



courses in their 7 curricula. 
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RECOMMENDATIONS FOR CURRICULUM STRUCTURE 

(GENERALIZED) 



TWO KINDS OF PROGRAAtS NEEPEP ' 

The Comprehensive community college, in 
contrast to the technical institutes, is obligat- 
ed to satisfy the objectives of both - technical 
education and vocational education. It is 
strongly recommended that these two objectives 
be accomplished through two Tcinds of programs, 
especially In the area of electronics education. 
These two programs shall not be completely 
separate in- themselves but will' have a certain 
parallel- integrated structure to be described - 
later ihx^his discussion. 

In generai-^jthe two recommended programs 
are: . ^ 

i- 1. * A two-year associate degree program in 
Elzc&ionicA TzcfoxoloQtj that is math- 
science based designed to place the 
\ graduate at the engineering support 
'i level. , 
21 A certificate program, less than two 
1 years in duration, that will lead to 
\ placement at a more vocational * level 

U of employment. 

i 

SPIU-0?F ANV OPTION CONCEPTS OF CURRICULUM 
STRUCTURE t 

The two programs {associate degree and 
certificate) are designed into a paralleL-in- 
tegrated ^structure through a spin-off concern 
as illustrated in Fig. 1 and Fig. 2. This /\, 
recommended structure f is illustrated for a> 
quarter plan. A similar structure, with modi]- 
fications, would exist ,£or the semester plan. 
The modifications for the semester plan/requi'rc 
a little more careful planning in the /integration 
of subject matter to satisfy the objectives, 'in 
the common term\ for both the certificate and 
associate .degree 4 programs. Some institution^ 
may wish to spin-off to the certificate before 
the first semester term is completed. . 

Now, there are a number of/possible and 



desirable end objectives, ^dependent on area of 
specialization, for both/the certificate and 
the associate degree 'programs . In Fig. 2, a 
spin-off into different certificate and associate 
degree programs (options) is illustrated. These 
options may, or may /not be student options. 
Each institution will decide on what options 
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to /of fer, perhaps/only one for the certificate 
anil perhaps onlw one for the associate degree. 




Associate Degree 
\Electronics Technology) 

Fig. 1 Spin-off Concept of 
Curriculum Structure 



/ NOTE: See _Fig. 2, next page. 

DEFINITION OF SPINOFF CONCEPT 

Under the spin-off concept, all electronic 
students are placed ^.nto a common first quarter 
of courses. Studeii^s may be grouped into math 
and English courses' based upon performance 
examinations, but all students take a common 
first quarter electronics course entitled: 
In&ioduvUon to Ete.ctionta> Tzchnotcqij. During 



this quarter of study the student decides, with 
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Associate Degree 
Options 

Fig. 2 Spin-off to Certificate 
Options or to Associate 
Degree Options 

the help of counselors and faculty advisors, 
whether he has the desire, ability, and the 
motivation required for the various types ^ 
career \training programs found within the elec- 
tron ics\ curriculum. 

At \the end of the first quarter the student 
selects a program of study that will lead to 
employment in the electronics industry. He may 
chose, with the assistance of electronics in- 
structors and counselors, a two year associate 
degree program which is math and science based s 
an</ designed to place the graduate at the 

engineering support level, or alternate programs 

i \ 
of 'shorter length granting certificates that 

would lead to placement at a more vocational 

level of employment. Examples of such certifi- 

i 

cate programs are maintenance oriented programs 
in the home entertainment industries, electrical" 
appliances repair and installation, or specific 
short term training programs for local industrial 
..heeds.. ^ 

The student's spin out of the Introduction 
to .Electronics Technology Course pursuing various 
avenues of occupational training based upon their 
ability, motivation, and interest resulting from 
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some self confidence and orientation gained 
during the first quarter. The key to success 
in the first quarter lies primarily in the 
Introduction ■ to- Electronics Course. It is a 
hands-on experience, or laboratory oriented 
course, designed to provide some real experiences 
and exposures to exactly where the type of 
instructions offered in the overall curriculum, 
will lead the graduate. Most of the material' 
learned in this course is by participation 
in the laboratory, Basic skills requiring a' 
very minimum of mathematical insight and 
scientific background are necessary. The 
course is more than just a means for providing' 
exposure, exploration, and motivation. There 
are some basic skills taught that are applicable 
to all areas of electroracs with very little 
previous experience, or training, necessary. 

However, the program is a motivation \ 
course for the student interested in electronics, 
and he is encouraged to improve his skill in 
mathematics. An effort is made to show the 
student that mathematics will be of great 
assistance to him if he pursues 'the study of 
electronics technology. 

This is a change in the traditional 
philosophy found ir. curriculum development. \ 
The difference is that instead of the curri- 
culum establishing -certain prerequisites that /• 
eventually leads to screening ahd ability * 
grouping of applicants by teachersxand counsel 
ors, the vast majority of program selection is 
done by the student himself. The important 
implication is that the student feels that 
he has selected the program that is best for 
him and that he has not been encouraged and 
advised into an alternate or secondary goal 
of achievement. Student identification is wi^h 
the job opportunities available from the / 
alternate programs and . not with the rigor , of 
the advanced curriculum or associate degree. 

./The question arises regarding the possi- 
bility of teaching a student, with little or 
no background in electronics, an adequate 
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amount of material necessary to qualify him for* 
a maintenance and repair occupation within one 
year. Careful study has indicated that funda- 
mental concepts in the maintenance and repair 
of electronics systems can be carefully sequenc- m 
ed to develop a core of courses that will teach 
the. fundamentals of servicing electronics equip- 
ment. Rather than hold the student off the job 
market for aitother year to develop these skills, 
the student could probably learn more if placed 
carefully in industry with an experienced tech- 
nician. He thereby gains the practical applica- 
tion necessary, and this in the long run may 
benefit the student more than an additional year 
of laboratory calisthenics. Therefore, the stu- 
dent is oriented towards the certificate program , 
from the point-of-view that this particular 
progranTis less than two years in length because 
he will learn more by being placed in industry 
with qualified people. The engineering suppoit 
program is two years in length because it takes 
that long to develop the math and science neces- 
sary for qualification into that classification 
of employment. Job antAy IzvdL u tht feet/ to 
pKogfiam hdlddtion and quatiiication. 

Success with the spin-off concept is to have 
teachers, students, and industry convinced that 
one program is not lesser or greater than another 
program, but that all programs are needed to 
satisfy the diversified job opportunities avail- 
able in electronics industry. 

Conversations with experienced counselors 
and educators have indicated the following funda- 
mental problems with student counseling: The 
student showing a high degree of academic achieve- 
ment is more receptive to guidance and counsel- 
ing, and is more readily willing to' discuss his^ 
strengths and weaknesses regarding the program 
Qf instruction that he is interested in. The 
tudent who has a history o~f low academic achieve- 
i/ment is by far less willing to be receptive to 
counseling and guidance procedures. He is even 
less willing to discuss his strengths and weak- 
nesses. The spin-off concept provides the stu- 
dent with theopportunity to see for himself, to 



evaluate himself, and to convince himself that 
he is either proceeding realistically or un- 
realistically in his career objectives. He is 
not forced into choosing lesser alternatives, 
but can be made .to realize, that he is pursuing 
"different alternatives, and that he too has a 
contribution to his area of interest. If this 
is obtained in the early phases of the spin-off 
program, the desire and motivation to study and 
succeed is more realistic. The significant 
point is that the student has a way to choose ^ 
an alternate path on his own and maintain a 
position of respect from his parents, friends, 
and particularly of himself. 

SPIH-Off CONCEPT SOLVES CRITICAL PROBLEM FOR 
THE COMPREHENSIVE COMMUNITY COLLEGE 

The problem of the comprehensive community 
college is identified in some measure by the 
btxxdznt population dLLb&UbutLon cu/ivea of Fig. 3. 
Two curves are shown. One is the well known 
nonmal di&t/Ubution curve. The other is a 
bimodat aUAtAxbution curve applicable to voca- 
tional-technical and occupational students. The 
exact 4/iape and position o& thz bpnodal Qiapk 
-C4 not known with certainty since published 
data is no\ available at this time. We have 
discussed this theory with many technical 
teachers and administrators and all acknowledge 
the existence of the bimodal distribution. 
Many have data within their files from ACT 
and institutional tests to support the theory. 
Bach of these, of course, are only small samples. 

Everyone can think of a number of factors 
that might be responsible for the dip in the 
center of the bimodal curve; -- student -abilities 
-vs-interests, differences in precollege educa- 
tional programs, part of the total population 
entering other than occupational programs with- 
in the junior college sys-tem, absence of 
those that enter advanced degree programs, 
presence of adult and continuing education stu- 
dents, student attitudes, the increasing need 
for technical and vocational programs beyond 
high school, etc. 
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Fig. 3 A Eimodal Vit>VUbu,tLon Cu/tve 
suggestive of interests and aptitudes for 
Technical Education (T.E.) and Vocational 
Education (V.E.) 

«- 

flow, let us recall the first heading of 
this section: "Two Kinds of Programs Needed 1 ' 
in the comprehensive community college, espe- 
cially for electronics education programs for 
which we are prepared to discuss the problem* 

If only one program in electronics educa- 
tion is offered, then there is the strong, 
possibility that the one program will automatic- 
al ly v be designed to the average which is in the 
dip of the bimodal curve where there is a 
minimum number of students. The immediate re- 
sult is that the larger groups on either side 
become discouraged and the attrition rate be- 
comes quite high in a very large majority of 
the two-year colleges. 

Consequently, programs in electronics educa- 
tion have either been "upgraded" or "downgraded" 
is an effort to attract and hold more students. 
Traditionally, the technical institutes have 
initiated and retained the "upgraded" program 
clearly identified as technical education pro- 
grams in elef*' onics. Their attrition rate is 
.quite high however. 

The comprehensive community colleges, how- 
ever, cannot contend with a high drop-out rate. 
As a /result, their one electronics program has 
been^ adjusted to a more vocational level. This 
ma^ keep more students that enter but, at the 
1 



same time, a number of potential students^ 
are not attracted to the program. 

The Solution? Adopt the spin-off concept. 

NOTE: The spin-off concept is recommended 
for more than the. one reason that it will re- 
duce the attrition rate. Enrollments will 
increase as a result. Also, which is most 
important,- <fcco bZpaxaAo. and dibtincX nced& 
ojiq. mOKZ foxllij 6a£u>&i£d ioK bo til thz 6tu- 
d".,SA and indub&iy. We have discussed this 
problem with industry personnel in many 
industries, large and small, and their 
standard criticism of the communi-ty college., 
programs is: "I don ! t know whether I am 
getting a graduate from a technical education 
program or from a vocational education program 1 

/ / 

SPIN-OFT CONCEPT HAS BEEN APPLIED / 

"Parkland College has used the spin-oft 
concept in its electronics programs sirjee 
1967 when the college was first j6rgan,ized. 
Their students, at the split-op point, 
divide about SO-SO .in the one/year certificate 

y / 

program and the associate degree^program. 
Their attrition rate was z r r jj: a F tne l ast / 
split-off time. They have yfreeii in existence 
long enough to have their, first graduates 
from the associate degree program. / 

Willmar Area Vocational-Technical Insti- 
/ // / 
tute, Willmar, Minnesota has used,, the spin- 
off concept since/i964. They haVe the 
certificate program and three/options in the 
two-year technical program. The four programs 
average about, 16 graduates "evenly distributed 
in the four programs. They \iay«*iose only one 
to three students in all programs, oiT^the 
average. 



.CHARACTERISTICS OF CURRICULUM FOR ELECTRONIC TECHNOLOGIES 



/ 

The preceding section cm "Recommendations 
for Curriculum Structure" concentrated on the, 
following concepts: 

1. Two programs in Electronics Education 
recommended (Vocational and ; technical, 
or certificate and associate degree) . 

2. The two programs are accomplished 
through the spin-off concept." The 
certificate program enhances the 
associate degree program and vice versa. 

In this section, we will concentrate on 
curriculum characteristics /:ommon to a number 
of electronic technologies (communications, 
control system, digital electronics, power, and 
other optloru in the electrical-electronics 
fiel'd). 

THE CORE SUBJECTS IN CIRCUITS AWP ELECTRONICS 

Any of the options of electronics technology 
requires a study of subjects and topics on the 
theory side of t^e electronics education spectrum. 
Subjects and topics relating to the hundamtntalb 
o& zltcVionicA. and caacuuX tixtofiy represent the 
core material for the various options of elec- 
tronics technology. It becomes necessary, there- 
fore, to identify and support that; core material 
that will satisfy the needs of electronics tech- 
nology programs. The discussions in the InXAo- 
duction and Chapteh J have only identified the 
basic courses of circuits and electronics. 

The grouping of 'the theory courses into a 
sequence of subjects of CAAaiit aixattjbib and a 
sequence of subjects in e£ect>io»u.CA comes quite 
naturally. * If one takes the broadest possible 
view of electronics education, that of complete 
electronic sybtemb, a two-part grouping becomes 
apparent. In analyzing any complete electronic 
system, one observes that they are composed of 
either or both passive and active circuits. In 
other words we encounter circuits containing 
only R's, L's and C's. On the other hand, 



complete electronic systems may also contain 

active devices such as transistors, I. C's 

and other controlled sources. This natural 

division dictates a sequence of circuits courses 

(passive circuits) and a sequence of electronics 

courses (active circuits) . 

$In this report, we have previously identi- 
ty 

fied and proposed a circuits sequence of, 

a. Resistive Circuits 

b. Single-Time-Constant Circuits 

c. Networks 

Any of the options of electronics technology are 
strongly dependent, with- little or no adjustment 
of content, on the first two courses: Resistive 
Circuits and STC Circuits. The networks course, 
third in the sequence , *may require considerable 
adjustments dependent on the option. A commu- 
nications option, for example, will require 
emphasis on frequency response, filters, etc. 
A power option would require more on three- 
phase systems, delta and wye circuits, etc. 
Then, there are options in which a networks 
course might be omitted completely. The first 
two courses in circuits may be sufficient. 

The sequence of proposed courses in 
electronics, previously identified also, 
consist of 

a. Introduction to Electronics Technology. 

b. Resistive Electronics. 

c. Pulse Electronics. 

d. Linear Electronics (or advanced 
electronics) . 

The first course, INTRO, is a special case and 
is given separate treatment in the following 
chapter. The remaining three courses of elec- 
tronics are the true theory courses of elec- 
tronics. The courses of Rteibtivc CVictuX^ 
and VuJUt EttcfrioniCA are recommended for many 
of the options of electronics technology. The 
last course may change as dictated by the option. 
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ROLE 0$ CIRCUIT ANALYSIS FOR THE ELECTRONIC TECH- 
MONIES 

The function of a course or sequence of 
courses in circuit analysis is 5 primarily to 
develop in the student's mind a logical, aequen- 
Ziat tiwuglit, p*oceA& that he will be able to 
apply to many diversified situations. This main 
function is more easily identified by considering 
two possibilities: 1) the teaching of a course 
in "circuits" or 2) the teaching of a course in 
"circuit analysis". Consider for the moment 
the "circuits" approach. An instructor will 
present to his class the subject of the Wheat- 
stone Bridge by introducing the typical diamond 
shaped circuit configuration and then making a 
statement which might be; N '"This is a balanced 
bridge. The bridge is balanced when the product 
of opposite resistances equals the product of 
the other resistances or x = R^ x R^. 
Under this condition the output or detectdr volt- 
age is zero". The student in turn faithfully 
copies the circuit and resulting equation into 
his notebook with the intent of committing it 
to memory before the next quiz. This is teaching 
"circuits". One can readily imagine how the 
difficulties mushroom if this is followed by a 
study of other bridge configurations. 

0 

The concept of a "circuit analysis" approach 
is quite different. The instructor may address 
the same bridge circuit (unbalanced this time) 
by applying the nodal method to determine the 
output voltage, then examine the resulting 
equations to see what changes are necessary to 
make the output voltage zero. The end result is 
the same. But the means to this end are another 
matter,. The emphasis here is on the application 
of the familiar nodal concept to achieve some 
end. The latter instructor is more concerned 
with the systematic application of fundamental 
concepts, and the fact that Rj x R 2 = x R^ is 
secondary. There is nothing to be memorized, 
but there is a logical thinking process to be 
learned. It is this process that should be 
repeatedly stressed. This logical thought process 
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can be further reinforced by the careful selec- 
tion of the homework problems assigned to the 
student. Rather than assign problems that are 
a repetition of classroom work, i.e. given 
R l* R 2' R 3 calculate R 4> the^assigned problems 
should be repetitions of the thought process 
applied to an unfamiliar circuit configuration. 
One might then adopt a definition for "circuit 
analysis" as an in-depth, systematic study of ^ 
electric circuit configurations using mathe- 
matics and the fundamental circuit theories 
and laws as the implements of analysis. 

It would seem proper at this point to 
discuss the "tools of circuit analysis", namely ; 
the mathematics and circuit concepts When 
these "tools" are first introduced .great care 
must be taken npt to go overboard With a 
lengthy discussion of all of the ramifications 
of any one particular "tool". These are easily 
acquired as the "tool" is being used. The 
purpose of the circuit analysis course is to 
analyze circuits and not to teach mathematics. 
The math is acquired as a secondary goal but 
is not the primary function of the analysis 
course. A person who knows all there is to 
know about saws and hammers but can't build 
a dog house could hardly be called a carpenter. 
Algebra, trigonometry, the 'S' operator, KVL, 
KCL, and Norton's theorem are implements, means 
or devices employed to achieve a given end. 

The primary objective of the circuit 
analysis sequence, the development of a logical 
sequential thought process, requires special 
attention and teaching techniques . To begin 
with, one must discourage memorization on the 
part of the student, a technique with which 
he is most familiar and 'accustomed to employing 
At critical points in developing a thought 
process, it has been found worthwhile to require 
students to close their notebooks and put away 
their pencils to {encourage them to concentrate" 
their attention on the instructor and the chalk 
board. The instructor should also refrain from 
asking on examinations those questions which 



require regurgitive answers. Examination ques- 
tions, like homework problems, should require 
reasoning on the part of the student. The first 
few quizzes may be disastrous, but the student 
soon gets the idea. 

The emphasis on a logical, sequential thought 
process as the primary objective cannot be over- 
stressed. It is this thinking ability that will 
carry the student further and faster in other 
courses within the curriculum as well as in later 
life. 

There are. secondary objectives to be^gained 
from circuit analysis as well. With repeated 
use the student j$ee£a at home with tiiz rtuthvMticA 
ojj cin.cuit/iy, and he has learned how to read 
information from the resulting .equations. 

Further courses, perhaps in the electrical- 
mechanical area, can build on this ability by 
showing the analogies that exist between circuit 
equations and mechanical system equations. Once 
the student discovers that these equations have 
the same form, this new course becomes a logical 
extension of the circuit analysis sequence. 

Th'e fundamental circuit concepts have been 
firmly implanted, not by memorization, but by 
izpttition o& concept*. With continued use of 
these concepts the student is well equipped to 
continue on into areas of active or electronic 
circuitry. Once the student has the capability 
to develop the model of the device and the 
conditions under which the model^is applicable* 
the electronics problem ends, and circuit analy- 
sis enters. It should be mentioned too, that the 
concepts used to develop the model are .concepts 
that are introduced and strengthened in circuit 
analysis courses. 

It is difficult to discuss objectives of a 
sequence of courses without discussing the methods 
of achieving those objectives. Any sequence of 
circuit analysis courses should place emphasis 
on the transfer function concept, the output- input 
relationship. The circuits discussed should be 
functional, that is, they should produce a desired 
effect on the input. So often we are tempted to 
concentrate on the students ability to repeatedly 
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solve various circuit configurations for aZt 
of the voltages, currents, and phase positions 
possible. Yet in essence we are concerned only 
with the output voltage or current arid its re- 
lation to the input. The instructor of a 
circuit analysis course should bear in mind 
that ultimately the student will be involved in 
circuit synthesis, and that the circuity analy- 
sis is only a means of achieving circuit 
synthesis. There is a tendency on the^part of 
many instructors to assume that the ability to 
synthesize is inherent with the ability ^to 
analyze. Perhaps a course in circuit synthesis 
should follow the circuit analysis course 
sequence. \- 

The stress placed upon the output-iqput ' 
concept will do much co aid the future growth 
of the student. It is difficult to predict 
what new devices or systems will be encountered 
in the years to come. The ability to think 
logically in terms of input-output relation- 
ships or transfer functions will make the 
student feel comfortable when confronted witlt 

hew devices . \ 

\ 

Another secondary objective produced by< 
circuit analysis is the ability to communicate. 
The engineering technician must be able to 
communicate with his supervising engineer, 
and he must be able to read the many period- 
icals to keep up-to-date with the field. Thus 
he must be knowledgeable in the language of 
engineering, mathematics and the ! S f operator, 
and block diagrams and transfer, functions. 
Again he ,need not be an expert, but in their 
use in circuit analysisjcourses he has become 
familiar enough with the language to feel at 
ease with their use under entirely different 
circumstances. 

Conimunications, familiarity with funda- 
mental concepts, the ability to use mathe- 
matics and other secondary objectives are 
achieved th f ru circuit analysis. But the 
ability to think in a straight-forward logical 
manner is still the primary objective, and it 
is this objective that establi-sheu* the circuit 



analysis sequence as the core of an electronics 
curriculum. The success or the failure of an 
electronics program can be .traced to the circuit 
analysis sequence because of its core nature. 
The measure of success or failure is not based 
on the number of students placed in industry or 
that en^ter directly into a four year engineering 
program. The success^of a program is best de- 
termined three to five years after the student 
has graduated and is measured in terms of the 
students 'satisfaction and growth. Has he 
managed to grow in responsibility? Is he doing 
anything to further hi5-~education? Is he doing 
his thing? Is he keeping abreast of new devek- 
opments or is he becoming obsolete? 

If the student has become successful, then 
so has been the program. And both are successful 
because the circuit analysis sequence has 
achieved its primary objectives, the ability to 
think in a logical sequential manner. y< 

ROLE OF COURSES IN FUNDAMENTALS OF ELECTRONICS ' 

The theory courses in electronics should 
present a logical and, sequential grouping of the 
topics that ar^ currently considered to be 
essential for the student to build a strong \ 
foundation. The grouping and tCQudncing of 
topics must be stressed so that the material may 
be properly covered and for the student to main- 
tain a continuity of thought. 

With a firm grasp of the core topics in an 
electronics sequence, and having completed a cir- 
cuits sequence, the student can then with confi- 
dence rapidly expand his technical horizon. 
Applied courses such as instrumentation, control 
systems, communications, and computer electronics 
will be more easily mastered. The student has 
the background to learn by self-study. Sub- 
sequently, he will jipgrbach with a higher degree 
of confidence. 

the theory courses in electronics should 
stimulate a desire to learn. As the student's 
knowledge in the fundamentals of electronics in- 
creases he finds it easier to learn. Practical 
and relevant applications of the theory will 



create a desire for further knowledge in the. 
area. As the laboratories progress, real world 
situations should be introduced as much as 
possible. 

In the electronics sequence, many 
opportunities exist in the class assignments 
and in the laboratories for the students to 
improve their ability in communicating facts ♦ 
and ideas graphically, verbally, and in written 
form. If the students are to give the proper * 
attention to this important area, active Support 
must be given to the English Department by the 
technical instructors. Many graduates find 
that they are expected to do some technical 
writing and givp reports of their projects 
shortly after employment. 

The ability to work togdther as part of 
a team is of paramount importance to the 
engineering technician. This ability, or lack 
of it, is often one of ti^e most important 
criteria used by personnel managers in their ■* 
recruiting interviews. Frequently, a signi- ' 
ficant improvement in the attitudes of certain 
students can be made by interested and under- 
standing classroom and laboratory instructors. 

The theory courses should instill an 
awareness for the need to be flexible in a 
rapidly changing environment. Electronic 
devices that are widely used today may be 
* obsolete in a short time. The sequence of 
courses in the fundamentals of electronics 
provides techniques and procedures of analy- 
sis that are applicable to any new devices 
that might be developed in the future. 

THE ROLE OF MATHEMATICS FOR THE ELECTRONIC 
TECHNOLOGIES 

The approach taken throughout the 
development work of this project is to introduce 
passive circuit elements through the defining 
equations for the relationships between current 
through and voltage across the element* Simi- 
larity, the active devices in the fundamentals 
of electronics sequence are introduced through 
volt-ampere characteristic curves as determined . 
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at the terminals. This is stating that more 
emphasis is placed on the mathematics of passive 
and active devices .than on the physics of the 
devices . 

The .mathematical approach, rather than the^ 
physics approach, solves the particular problem 
of "getting started" in the study of key seg- 
ments, of the circuits and electronics courses. 
Traditionally, the^aj>prw^ " 
J.n-the-study~^f~semi conduct or devices, for 
example, has involved lengthy discussions (in 
beginning studies) of semiconductor physics, 
doping, permi-levels, diffusion, etc. Granted 
that all this may help the student develop an 
appreciation for why these devices display the 
properties they do, but it consumes time that 
alight be. better spent. The graduate only needs 
to know how. to apply {he devices and understand 
their function in circuits on the basis of their 
volt-ampere characteristics. 

Although the electronics technology curric- 
ulum is math-science based, the emphasis is on 
the application of mathematics to electronic 
circuits rather than the study of pure mathe- 
matics for mathematics sake. In this light, 
many of the "mathematical problem solving tools" 
employed in the analysis of circuits can be 
* accepted on faith and employed without previous 
/Lttjoioai maXhwwticaZ derivations in every case. 
In some cases, the proof or derivation of the 
mathematical tool will come much later in the 
student's s.tudy of mathematics. "Because the 
mathematics, circuits and electronics courses 
must be integrated within the two-year program, 
we must by necessity apply certain mathematical 
tools before they can be derived in the classical 
mathematical sense. 

Furthermore, it is questionable as to 
whether mathematical tools cannot be employed 
without regard to derivation or proof. This 
point will be made in a number of instances in 
the detailed discussions of a later , chapter that 
covers each of the courses. One good example 
will be the recommendation to o&e the S-operator 
in STC circuits and networks without going 



through the derivations or having a formal 
•mathematics background with the LaPlace trans- 
form. That can come later. This approach be- 
comes functional by concentrating on developing 
the student's ability to wad circuits without 
writing circuit equations starting from scratch 
every time. This is done- by -paying considerable 
attention to significant QKOupar$&~ot circuits 
lifiat have the same kind of 'response. . — 

To return more directly to the role of 
mathematics in an electronics technology ^* . 
curriculum, experiences during the project 
have revealed that certain communicating prob- 
lems are somewhat resolved' by thinking of 
technical mathematics as having three functions 
in the curriculum. The three functions of 
technical mathematics are: 

a. To serve the needs for the circuits 
and electronics courses. 

b. To serve the jieeds of the total 
curriculum. 

c. To serve -the needs .for continuing 
education . 

The actual needs for the circuits and 
electronics courses are not great provided one 
is willing to uae the available tools of mathe- 
mathics. Perhaps algebra and trigonometry 
could be sufficient. On the other hand, con- 
cepts of calculus, differential equations and 
^laPlace transforms enhance the students 
appreciation of the necessary process of mathe- 
matics considerably. Still further, a more 
thorough study of mathematics is needed for 
continuing education in electronics. Much 
of the unhappiness that exi5ts about technical 
math results from assuming only the one 
function of "serving the needs of the electronics 
courses". 

Happy., conditions are likely to exist, by, 
a. Acknowledging that circuit analysis 
j is a mathematical process. 

By .uAinq mathematics to advantage \ 
(not avoiding it) . 

Keeping the mathematical labors to < 
a minimum (Student is not learning 



b. 



c. 
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circuits while in the process ''of 
cranking out the mathematics), 
d. Using computer facilities and the new 
programmable calculators that^are 
availabl_e^-*-'- — " 

THEORY COURSES SEOUENCEV "TO MINIMIZE MATHEMATICAL 
PROBLEM 

The sequence of courses in circuit analysis 
and in the fundamentals of electronics are 
designed to minimize student difficulties with 
the mathematical process, and even to increase 
the students interest in the use of mathematics. 

The approach that has been and is being used 
in many colleges is a sequence of D-C and A-C 
courses in circuit analysis. This approach 
precludes the efficient use of the mathematical 
process because of the fact that they are often 
tied to D-C sources and sinusoidal (A-C) sources. 
It is not the kind of source that determine^ the 
relative difficulty of a problem. The order of 
difficulty is determined by the presence of cir- 
cuit elements (R*s, C's and L'sJ-and in what 
proportion, number of each, and circuit config- 
uration. 

The mathematical process develops quite 



naturally with early emphasis on waveforms.,-*) 
voltages and oinrejits^s^-fu^ 

jA^^cireurt* quantities are derived from v)^ and i^. 
In Ti&bi&tive. circuits., the driving functions 



are any kfnds of waveforms and the passive 



\ 



elements are resistive only. 1^10 L's or C'5. > 
Concentration on v and provides the back- 
ground knowledge needed for the courses that 
follow. New learning situations are reduced to 
a minimum. t * 

The STC circuits course has circuits where 
there is, effectively, either one .equivalent 
C or one equivalent L. Such circuits have a 
well defined response to each driving function. 
Always exponential responses, for example, when 
steps, pulses or ramps are applied. The mathe- 
matics to derive, not to solve, is the basic 

element of calculus. The S-operator*is used 

here, which reduces the math to an algebra 
problem. This approach becomes acceptable in A 
the proposed sequence of circuits courses. 
It would not be acceptable for a D-C and A-C 
sequence. 

RzAi&tivo. CASicuiXA feeds the Rei-CflrtivC 
EttcAAonicA course so it c can become more power- 
ful. And STC circuits permits the existence of 
Pu£ae EtcctAoiticA to follow . Resistive Circuits. 
The entire. set of theory courses become more 
powerful. 
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ETCDP DEVELOPMENT FOR THE ELECTRONIC TECHNOLOGIES 



\ 

The development of curriculum and materials 
by the Electronics Technology Curriculum Devel- 
opment project is not unlike the techniques 



followed by a school and an individual instruc- 
tor in constructing a new curriculum or in 
the upgrading of an existing one. *Many of you 
have >gone through this-, but in order to- indicate 
the philosophy underlying ETCDP and to clarify 
the specific approach taken by the project, an 
examination of the developmental techniques em- 
' ployed by the staff seems in order. 

THREE MAJOR STEPS OF VEVELOPMEKT" 

Although it may seem obvious, the primary 
step in the building of a^i electronics technology 
"program is for the school to make a* firm commit- 
ment in terms of money, faculty, and physical 
plant for a minimum periocf of Tour- or five 
years. If the program doesn't get off the ground 
in that period of time, it is unwise to continue.* 
Simply in terms of economics, this kind of 
education* is far from inexpensive. Once this 
commitment is made and the level off programs 
to be offered is determined, there are three 
major steps to then be taken. Reference has 
previously been made to these procedures, but 

specifically, for a math-science based, college 

* 

level program, they are: 

1. The identification of broad topic areas 
composing theory content of this math- 
science based college level program. 

2. The grouping of these topic areas into 
"packages", ox: courses. 

6. The sequencing of these courses and 
^integrating them with the mathematics 
courses. 

The flow chart of the ETCDP curriculum 



\ 

\ 



presented earlier represents the result of going 
through these three efforts. In terms of the 
\ project, however,* this foundation has been built 
earlier and we dire"ct our efforts to what} follows 



this preparatory work. ETCDP -is primarily 
concerned with what goes on in each of the 
seyen theory courses included in the curriculum. 
This outline of developmental procedures that 
follows is «applied to each of these theory 
•courses. * f ' . 

PMCEVLPX FOLLWEV FOR EACH COUKSE 

i . 
The process of development of each course / 

is; initiated with the identification of the^"^ 

majoi topics or concepts to be included in the 

course. Immediately following, the course is 

given structure by the sequencing of these 

major topics or concepts /into a natural and 

logical progression, from the elementary to 

the complex, allowing, for the- best possible 

"flow" or transition from one topic to the 

next. 

Upon the completion of this structuring, 
careful consideration is given to each in- 
dividual topic. In concentrating on each 
topic, an attempt is made to identify 
dLLMicultieA encbwtteAed in the presentation' 
of the topic, /monjpthese difficulties cn- . 
countered, frequently one is faced with how 
£0 get started in the topic as we.i as defer- 
' mining what ptiof)t&m solving £oo& are needed^ 
in handling the, topic. A subsequent question\ 

that arises in— considering-the aforementioned 

j 

"tools" is whether or not there is a need for 
a rigorous mathematical derivation of each or 
whether students can be asked to "buy" or 
accept the tool on faith. It may be a mistake 
to place too much emphasis on the derivation 
of tools rather Jhan their application to cir- 
cuit problems. Another consideration made 
regarding individual topics is the availability 
of prepared materials applicable in the 
presentation of the topic. In evaluating pre- 
pared materials, consideration is given as to 
whether they are of the proper*level as well 
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as whether or not they employ a satisfactory 

approach N that is compatible with the topic 

sequence used as well as the philosophy undef^v- 

ing the curriculum and instructor approach. More; 

often than not, it becomes necessaty for the 
« 

instructor to develop his own materials. 

•Experience has shown that upon careful 
examination of an individual topic, the nature 
of the topic itself oftentimes suggests a. more 
natural means, of handling the topic. This is 
trde for each of the three "modes of operation"; 
the hytAO duction of the topic, the detailed 
analij&<A of the topic, and finally the applica- 
tion of the topic. It should be noted at this 
\poir.t that these "modes of operation" do not 
necessarily come into play in the order presented 
above. That is, it may be advantageous to intro- 
duce a specific topic through an application. 
Traditionally we have introduced topics either 
through a discussion of physical properties or 
through a mathematical approach dttd then devel- 
oping the topic and concluding it with an 
application. Perfr&ps-the introduction of many 
topics through an application will lead to a 
more th6rough understanding of the topic, espe- 
cially in the study of active devices, where 
the prime concern is with the input-vs-output 
parameters of the device. 

^Selecting a means of handling a topic involves 
making two decisions for each mode of operation. 
Specifically, one must, select the best educational 
environment, be it classroom or laboratory, and 
select the best method of presenting the material. 
•These methods include the traditional lecture and 
laboratory experiment as well as demonstrations, 
auto-t itorial methods, textbook presentations , 
laboratory observations, ami interpretation, 
closed circuit TV. and films, to list only a 9 
few . . ; 

r 

THE EDUCATIONAL ENVIRONMENT 

Let us nowaddrcss ourselves specifically to 
the ..educational environment in wh«ch our students 
learn. It is' felt that the ideal situation would 
be' an elect/ionic* Ittvutuig center t combining J i 



both lecture and laboratory areas.. Physically 
this learning center Jbuld 'include experimental 
facilities" and equipment, a lecture-discussion 
area, auto- tu tor i a 1, equipment"^ a computer outlet, 
and a demonstration area as well as a library- 
study space all in one large area. This learning 
center concept can be employed in the construction 
of new physical plants, but the majority of ^ . 
existing situations are composed of separate 
classroom* and laboratory facilities. In these 
.situations, we can define classroom activities 
as learning cixciUt teapoiuie tlviough calcvilation!> fi 
and laboratory activities as learning caACVUX 
teapoiiae tlixough obbQAvaZLon* , intcipneAationb 
and mea6uAvncnt!>,6uppo%tcd by calculation* oa 
needed. • A most important consideration to 
kccjMn mind, however, is that the classroom 
activities and laboratory^activitics must be a ' 

closed-loop situation, each supporting the 

" / 
other. To use the laboratory simply as a means 

of verifying or applying what is learned in 1 

the classroom is .a gross waste of both time and 

i 

instrumentation available in helping the student 

i 

learn. § , j 

Laboratory activities and* laboratory mate- 
rials arc developed with the purpose of the f 
laboratory experiment foremost #n mir^. These 
purposes are identicakto the : three "modes of 
operation" mentioned earlier.' One must decide 
whether the 'laboratory experiment is being de- 
signed: ^ f j 

a. To introduce a£new concept. / 

b. To provide for the detailed analysis 
of the concept. / • " , 

:. Or, to make aV) location or a review 
f Qf the topic po»ible. 



CLASSIFICATION OF tAlZORATOM LEMWIUG EXPERIENCES 

Laboratory learning experiences can be 
class if)ed fn terms of the amount] of direction the 
student brings to bean in controlling/ the lab- 
oratory activi^. .On^one end of this' continuum 
is the &tud£nt-cunt*iell<>d experiment 'and on the 
other chd the <uu>tluctoi-cuntl.QlZcd ^perifcent. 
If one is to use the laboratory to (?est advantage, 



us* of both extremes as well as points in between 
them must be made* To identify these types of 
laboratory experiments more closely, a discussion 
of .each is presented. 

The student-controlled experiment is typified 
by a lack of structure allowing the student com- . 
plete freedom to direct the learning process. 
He ha^ the freedom to vary circuit parameters, 
even to their extremes and to make observations 
and interpretations regarding the effect on 
circuit response. Through this freedom, the^ stu- 
dent has the opportunity to answer any questions . 
he may have regarding a particular circuit and * 
therefore gain insight leading to a better under- 
standing of the'topic. Furthermore, the student 
is going .to have to be able to work in this 
manner* upon graduation and entering employment 
as a technician. If this type of experiment is 
to be used effectively, it is imperative that 
prcper ground work has preceded it and that 
proper foundations have been developed so that 
the student -can direct his activities in a 
productive manner. 

, The 6tudzii£-<Ln6Viua£on tontnolZzd expe/uwwt 
obviously lies between the two ? extremes and makes 
up the bulk of the experiments used.' These 
experiments should be* designed so that they con-' 
tain a minimum of structure and "appear to the 
student to be non-6&iuc£uAzd, encouraging him to 
take some initiative in investigating the circuit 
under study.^JThis objective can be achieved 
through the use of leading questions, sequenced 
activities, and grouping 'of circuits. *A powerful 
laboratory of this lype, called Creative Investi- 
gationtis particularly useful in this type of a 

laboratory activity. More will be said about 

« * • 

Creative Investigation in a later discussion of 

laboratory techniques. An example of student- 

•instructor controlled laboratory experiment is 

leading a student through an elementary design 

problem early i^n 'any course through the use of a 

sequence of activities. 

Thpre are many occasions when, -because of the 

instrumentation available in the laboratory, the 

hxAtAiicXoK-'contAotted laboratory experiment 5 is a 



very useful and. effective teaching. situation. 
The laboratory environment is often the ideal 
place to introduce new concepts, allowing the 
student to make some observations and then 
interpretations that lead to the concept to be 
developed. «Tf this type of activity is to be: 
employed, it should be foljpwed up with strong 
classroom support. The instructor-controlled 
type of laboratory experience is needed for 
t the learning of many important topics such as 
measurement techniques, test procedures, trouble 
shooting, and the application of concepts cover- 
ed in the classroom. The latter is an example 
of the laboratory providing strong support o£ 
classroom activities. 

9 

% 

\ 

' TECHNIQUES OF LABORATORY LEARNING 

Each of the different types of laboratory 
learning experiences enumerated above have in 

* common many laboratory techniques to which we 
will address our attention at this point. One 
of the most potentially powerful is the Creative 
Investigation alluded to previously. Cizativl 
hvJ&tig&tion can be best described as a student- 
controlled activity that is made up of four 
sequential activities. These are as follows: 

a. Observation N 

b. Interpretation 

c. Measurement \ 

d. Calculation 

Specifically, the student is encouraged to 
obAC/tve the response of a circuit and make some 
4JiteApKeAation& regarding these observations, 
followed by taking mea&u/iejne»tt6 and finally to 
•support the preceding with the calculations of 
circuit response. The laboratory technique of 
varying circuity parameters works well in con- 
junction with Creative Investigation. 

A second laboratory technique that holds 
much nromisie is the introduction of new concepts 
in the laboratory. This calls, however, for 
the development and use of tabonatontj textbook 
materials. Due'to a lack of satisfactory 
materials of this type, considerable effort has 
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been directed toward the development of this 
kind of materials as well as the employment of 
Creative Investigation, and the other techniques 
discussed earlier. An additional Jaboratory 
technique that has merit .is that of Q%vupui$ of 
circuits that demonstrate similar response or a 
duality. Not unlike, grouping techniinjes i^ the 
.<seque>tcow of circuits as well as, laboratory* 
activities. This can be applied through the 
use of individual sheets making up an experiment 
being handed cut one at. a time only after the 
satisfactory completion of the preceding sheet. 
Although only a few lab techniques have been 

discussed here, they may be sufficient to in- _ 

dicate the areas of concentration of ETCDP as 
well as point out the potential of the laboratory 
as a learning environment, a potential long 
overlooked. Jn addition, the graduate of these 
programs must be a "hands-on 11 , lab oriented, 
"can-do" person as well as one who is able to 
analyze and design through the use of circuit 
models and the mathematics. 

EMPHASIS ON SYSTEMS APPROACH 

There are several guidelines underlying what 
has been presented here that are not readily 
apparent but are motivating in terms of what we 
do and how. First, an attempt is being made to 
identify some ot the more important and powerful 
techniques and to develop sample materials to 
demonstrate these techniques. Ke are not writing 
a complete curriculum on a day-to-day basis. 
Secondly, a strong emphasis is placed on the 
systems approach. ^ 

aq a iesu.lt nf a rapidly-changing technology 
where the future of even the transistor is doubt- 
ful in view of* the integrated circuits and 
complete circuit "modules" or packages circuits 
how on the market, the graduate: of these pro- 
grams must be ready to cope with and be comfort- 
able/ using «ny new device encountered, further- 
more, he'-must be familiar with how these packages 
are combined, to make up complete 'iyitcmi. This 
conviction is facilitated through the lnt*uductivtt 
o& ElacVvonicb Tcduwiugtj course detailed previ- 



ously where the students 1 study of electronics 
begins with systems, tKe electronics he is 
familiar with and can relate to the real world. 
The student then breaks these systems into 
circuits, the building blocks of systems, aftid 
analyzes them on a function or input-output 
basis. This course .could be appropriately 
called, in the vernacular, "The Big Picture". 
This concern with the changing technology 
appears in the emphasis placed in the ETCDP 
materials. Devices are studied from their 
volt-ampere characteristics and their input 
and output electrical parameters on a two 
..terminal, three terminal or multi -terminal 
basis, rather than -from a physical basis- This 
concern appears again in theiapproach taken in 
the circuits studied. They are approached 
from studying the circuit response, transfer 
function, or signal processing that applies. 
On this basis it is felt that we can provide 
the student with a 'theory background upon which 
he can specialize as vire 1 1 as cope with new 
developments . 

PRQV1VE OPPORTUNITIES FOR 1UVEPEHVEHT LEARNING 

Similarly, an attempt to allow as many 
opportunities for independent learning is made. 
An example of this is leaving laboratory 
experiments open-ended and instituting an open 
laboratory. *That. 'is, the student isn't able 
to say "I'm finished". It has become apparent, 
too, that much of what is studied could be best 
treated through the use of existing "Instruc- 
tional Technology", such as the employment of 
auto-tutorial materials, movies-, slides , video 
tape and the various dudio-visiial equipment 
and techniques. 

THE INSTRUCTOR AWP USE OF SOFTWARE 

In developing urriculum materials, once 
a decision is made regarding topics and topic 
sequence, a compromise mav have to be made 
regarding textbooks. Rarely is a single text 
suitable, and two or more texts ma> nave to 
be adopted for courses and not necessarily 
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used on a /Chapter \, Chapter 2, etc. basis. No 
commitment ys made regarding semes ter-vs-jquarter 
unit timing and packaging of the curriculum or 
materials/ Nor are rigid commitments in terms 
of the amount of time allotted for each cpuise 
or unit/made. Although the project workSj within 
the quarter system framework, which Parkljand 
utilises r these are problems that must be solved 
local basis. ~" 



/ 

In conclusion, perhaps we have overlooked 
the most important link in the process, the f ^ 
instructor. If he isn't AJitiiteted in, txcAXld 
anXh, and zntliut>ia6tLc aboitt the subject matter, 
the student won't be either and the crucial 
rapport with the students will not be developed 
and capitalized upon, leaving the job undone, 
regardless of the quality of materials used. 
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SEMANTICS OF ETCD PROJECT 



A number of significant words and phrases were 
generated, or recalled, during the project which 
-proved helpful in the development of materials 
and techniques of instruction. Many of these ke> 

0 

words and phrases are used in appropriate places 
of this report. They are listed and discussed 
briefly here to direct the reader's attention to 
them. Many of these words and phrases could be 
valuable guides in any institution and their 
electronics departments in the developments and 
revisions of curriculum and subject matter con- 
tent. 

CLOSEV LOOP CONCEPT OF EDUCATION 

Anyone can identify a number of closed- loop 
situations that can provide guidelines to teach- 
ing techniques and the structure of subject 
matter content that will provide, more efficient 
teaching and learning situations. The educational 
process is seldom a one-way situation. Consider 
the following as examples. 



-Teacher 



rx 



— Student 



Classroom Laboratory - 



>om Lat 

X 



Theory 



Applied 



Vx 

Mathematics Circuit Analysis 
•Physics Devices 

XJ 

- \ 



/ . • 

The examples shown below are sufficient to 
illuStratp the closed-loop concept of education, 

as/particularly needed for electronics tech- 
nology associate degree programs. No one will 

/ 

.question the teacher-student interrelationship. 
On the other hand, there may be too much dedi- 
cation to the belief that the 'classroom should 
feed the laboratory in every case, or that the 
laboratory should feed the classroom in every 
case, or that theory shall precede applications 
(or vice versa), that mathematics shall precede 
circuit analysis in every case, or that physics 
is required for devices. 

Suggestion: Think of closed-loop situations 
and differences of opinion will more likely be 
resolved. s 

PATTERNS 

Techniques of circuit analysis and. a study 
of systems fall into definite patterns. There 
are circuit configurations common to many 
systems. There are many circuits that have the 
same kind of response. Mathematical techniques 
and procedures are repetitive, 

Suggestion: Look for patterns and elec- 
tronics education will become simplified, 
interesting and challenging, 

GROUPINGS 

The term "grouping" has a connotation 
similar to "patterns", 



Suggestion: Study circuits, devices and 
systems in groups as much as possible. Series, 
parallel, series-parallel and STC circuits are 
examples of groups, Perhaps series, parallel 
and series-parallel circuits can be presented 
as unc group. Perhaps STC circuits should be 
presented in two groups (exponential responses 
and sinusoidal responses). Perhaps too much 
attention should not be given to particular 
devices. Maybe thcv can be gtioupzd for better 
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results. Perhaps too much attention to one, or 
a few systems is not desirable. Consider the 
poteibiliAij grouping. \ 

SEQUENCING 

The complete teacher has the never-ending 
and challenging job of finding some logical order 
of presenting major subjects and detailed topics 
within each course. Anyone who can find thz one 
complete aequeAce to satisfy ail situations for 
all time could become a millionaire over night. 
No teacher is ever completely satisfied with a 
particular textbook, for example, not even the 
author himself. Even so, each teacher must 
continue to. improve the sequence of topics to 
satisfy new and changing requirements. 

Suggestion: Avoid letting nitty-gritty 
topics take complete control of sequencing. 
Keep the controlling big topics in mind. 

MAJOR CONCEPTS 

Major concepts are those phenomena, theorems, 
and techniques that are recalled and used most 
often in the analysis of gKOVLpzd circuits, devices 
and systems. They are concepts such as: Kirch- * 
hoff's laws, instantaneous values, equivalent 
resistance, input-output characteristics, ratios 
(or transfer functions), defining equations, etc. 

Suggestion: Identify major concepts for 
a course (or set of courses) and let these have 
a major influence on sequencing. Note f : MajOK 
conczpts oaq. not the. tamz oi objectcvea. 

THE PROBLEM 

Identification of THE PKobiem is somewhat 
related to objecXtve*. There are those who 
declare: "Identify the objectives (^vut and then 
proceed with curriculum structure and subject- 
matter content". In any development work, this 
approach leads to serious differences of opinion 
and productive activity becomes difficult. Ob- 
jectives are too dependent on 6e.qtuncuig t gxvixp- 
tng6, majofi concept, and a number of other 
factors. The process of development of materials, 
in itself,dictates the need for detailed analysis 



of subject matter. New subjects and new 
approaches must be developed before objectives 
can be stated. Initially, objectives are 
identified only in general terms and then in 
more specific terms .as development proceeds. 

Even so, identification of THE PKobiesn 
(especially in laboratory activities) may be 
more meaningful to the students than stating 
the objective pf an experiment. Too often, 
objectives are stated too loosely with too 
much description. By stating THE Ptiobtejn, 
one is forced to be more specific and direct 
about the objective of an experiment. It's 
a productive way of arriving at objectives 
without identifying them as such in every case. 

Suggestion: Think of objectives and 
subject matter development as a closed-loop 



situation. 



Objectives 



Subject Matter 
Development 



KNQWLEVGE-UNVERSTAMVING- APPRECIATION 

This sequence of three words, when kept 
in mind, may resolve certain teaching and ' 
learning problems. Knowizdge is an accumula- 
tion of facts or phenomenon; UnddAAtandLLng' 
is a mental process of putting related facts 
together to assist the educational process; 
and appKZCLOtion comes through applications, * 
or knowing how facts and phenomena can be 
used in the real world.. 

Suggestion: Give students time and 
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opportunity to "develop appreciation, while he 
is trying to understand, while he is gaining 
knowledge. 

CREATIVE IMl/ESTIGATIOM 

The thought here is to encourage theory 
learning in the laboratory through emotive, 
uwjtt ligation, through a sequence of four 
activities stated in order belcw: 

a. Observe 
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b. Interpret 

c. Measure 

d. Calculate 

The reverse process, doing calculations as the 
first step, is design. Many .of the suggested 
experiments for the courses of this report are 
designed to encourage creative investigation. 

Suggestion: Perhaps in the process, our* 
objectives should be 

a. Develop students 1 ability to improve 
as an observer. 

b. Develop students ' abi li ty tc make more 
thorough and accurate interpretations. 

c. Develop students 'abi lity to make better 
measurements . 

d. Develop students 'abi lity to make 
calculations . 

INTRODUCE (IN LABORATORY) 

The key word here is: InX/ioducz. This sug- 
gests that the laboratory, rather than the class- 
room, shall take control in the teaching of 
certain concepts. There are those who prefer 
this technique to be identified as taboMxtoM] 
onAttxZad. On the other hand, some teachers think 
all new concept or problems should be introduced 
in the. clas.sroom before going to the laboratory. 
In the chapters on the six courses, the outline 
specifies those topics where it might be better 
to introduce in the laboratory as well as those 
topics that should be introduced in the classroom. 

GETTING STARTED 

The problems of decision making in the 
development of subject matter and techniques for 
major topics ictthin a course, the course itself, 
or even for the total curriculum, are largely 
resolved through a careful 6tudtj on hour, tC/iC« 
and ic/ie/ie to get started. 

The IN'TRO course (Chapteir 5) proposes getting 
a good start on the total curriculum by taking 
a 6tj!>t<M and ciACtuX 4&6p<we approach, ff one 
did not, believe tms, then perhaps the course 
could not serve its purpose, fn any case, if 



the 6taA,ting approach is correct then the total 
course is more likely to be a desirable one. 

The subject of STC circuits , as another 
example, consumed considerable project time 
and effort because of the problem: How ^o^get 
started? Once the decision was made to cue 
the S-Oper^tor, without hesitation, as a work- 
able approach, the remaining subject matter 
fell into place more easily. 

The decision not to require a ddtjaiZzd 
background on the physics of tevices resolved ' 
certain problems in getting started with 
certain topics. There are a number of other 
gdtting ±ta/it<ia[ situations that, hopefully, will 
be apparent to the reader in the material of 
the remaining .chapters. 

Suggestion: Careful thought to getting 
started with majOK topics 'will be time well 
spent. 

UNSTRUCTURED STRUCTURE 

A teasing phrase that can have more meaning 
than first glance might indicate. One is 
continually faced with the teaching problem of 
avoiding too many cookbook instructions. Yet, 
every teacher has a plan of attack, a teaching 
technique of his own, whereby he hopes his stu- 
dent will attain certain levels of achievement 
as he proceeds. Student's faith in a teacher 
is increased if he discovers that he is being 
satisfactorily guided. The structure is there, 
even though the student might not be aware of 
it. 

\ Suggestion: Strive for student's respect 
artd faith in his own ability by providing him 
'with opportunities to say: 11 1 thought of that"' 
When, as a matter of fact, that's what the teach 
wanted him to think, or do, all the time. 
Laboratory is a good place to provide such 
opportunities . 
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CHAPTER 3 

INTRODUCTION TO ELECTRONICS TECHNOLOGY 

(INTRO COURSE ) 

0 . 

/ 

Tkld chaptoji Id devoted to the one topic, the "Introduction, to 
EleefoionicA Technology" , a cou/ue which id frequently Ke^eAAed to cu> 
the, 1UTR0 couAde in thid xepoht. 

It id important that the, KQjadeA examine the, information and 
duggeAtionA ad pKekenteA with xn open mind. ^Tltld ib not a con- 
ventional typo, OjJ cou/ue. Textbook* have not been written that' 
datidfiy the. phiZodophy and dubject-matteA content ad propoded heAe. 
TheAe i* dome question ad to whether a textbook should be a*ed, 
even ii one weAe available.. 

— The INTRO couue id cowdideAed a6 extremeZy important by the. 
ETCV project who believe that it dhoutd be conJdideAed in any 
curriculum planning &or the Electronic* Technologies. 

An INTRO couAde iA being adopted by a number o& electronic* 
' teacher* with considerable ducce*d. The, course does not have, the. 
dame. dtructure and content in the various co&teges. There id 
considerable flexibility where each instructor can use kid own 
innovative. ideas. The. INTRO course is easiZy implemented once 
the phiZodophy of the course id understood and appreciated. 



ERLC 



57 



PHILOSOPHY OF 

THE TRADITIONAL APPROACH 

Traditionally, electronics technology 

c 

curricula have begun the sequence of theory topics 
with a study of atomic thpory and the physics Of 
electricity. Beginning at this rather .abstract 
point, the bedrock of the discipline, we pro- 
gress into circuit parameters (voltage, cWrent, 
resistance. .'..) , followed by circuits (passive 

/then active), culminated by systems, the inter- 

\ ' 

connection of circuits into complete functional 

' \ 

units. From the physics, to the consideration of 
systems the .curriculum continually grows ^in scope, 
-as indicated, by the following. diagram. 




v SCOPE 



THE' NEEV FOR AW INTRO COURSE 

Although this is the natural andv logical 
way- to devol^p the study, it is felt that there 
is a need for at. introductory sequence through 
which the student can be better ofn^xtoA into 
the "world .of electronics. 1 ' That is, it is im- 
portant that* the study be Kttattd to the world' 
the student is familiar with. Through the pro- 
vision of an opportunity for the student to 
become acquainted with "the big v picture M , he may 

*Prepared by Mr. David A. Peterson and others 
also has had direct experience with an INTRO 
Alpena Community. College, Alpena, Michigan. 



INTRO COURSE 

• I 

gain insight into the "whys" of what he will 
study, later'and thereby be better motivated as 
he progresses through the sequence of courses 
thfct follow. 

When the student begins his first term in 
an electronics technology curriculum, his 
mathematics proficiency typically precludes his 
beginning a quantitative study of circuits 
(via traditional approach) and, therefore, he 
cannot move immediately into the material he 
is interested in, -- electronics. Rather "than 
have him bide his time during that first term, 
it would be much better to prepare him for 
the material that is to come by offering him 
a broad insight into the discipline. In 
addition, there are many facets and topics in 
electronics that do not require the math back- 
ground that can be covered in this introductory 
course. 

In an electronics program it is necessary 
to have two divergent curricula if all the stu- 
dents are to* be served, in keeping with the 
community college philosophy. Typically, these 
two programs are the two-year A.A.S. degree 
curriculum (math-science btfsed) , and the one 
year certificate type of curriculum. ^If this 
introductory course ds made common to both 
curricula, the student doesn ! t need to choose 
which one he will pursue-until the completion 
of this course. It is felt that«he will be 
better equipped to make this choic^ at this 
point. In addition, both curricula have a 
need for an introductory sequence and this 
course provides a common base. 

NATURE OF AN WTRQVUCTIQM TO ELECTRONICS TECH- ^ 
NOLOGV COURSE J ^ 

v The course must begin with the .broadest * 

of the Project Staff. Mr. Peterson . \ 

course whibh he initiated at 
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possible approach in terms of* scope if the student sequence 
is: to get rt the big picture".. It is. felt a'lso 
that the 6tj6tem& appwadi satisfies this' pre- 
requisite. In other words, the. sequence should 
begin with, a consideration of the electronics 
the student is familiar with which at this point 
is complete electronic 6y6tem&. These systems 
should be treated on a "building block"» basis . 
That :isi individual building block functions 
combining ' to: provide a total function, — the 
-system- f unction., Following 'next, we move to a 
consideration "of those* building blocks CAAr 
CiUtA on*- an input- vs-output or function basis. 
The^circuits. should be handled on a response 
basis, as "black boxes? 1 with little regard as to 
Kofi' they/ work;,/ but rather what they do. Follow- 
ing this > consideration is giv.en to the individ- 
ual-circuit. 



COMPONENTS AA/P PARAMETERS . . 

" the course should be a laboratory directed 

course, allowing the students the opportunity 

to get their hands on and use as much hardware 
* ■ J - 

and instrumentation* as possible. For example, 

there Is ho reason why a beginning student can't 

be using ah oscilloscope the first or second 

laboratory session of the course. 

The course material or topics covered should 
be treated on a qualitative, basis. This is not 
'to say that we can't consider or measure many 
parameters such. as amplitudes of voltage and 
current as well as time, frequency and gain; 6ut 
it does mean that calculation* ate kept to a 
mbxhhum and that no- work is done with mathematical 
relationships between circuit parameters such as 
KVL, KCL, and Ohml-s Law. 

The course should be an overview of elect- 
ronics and an introduction to hardware. Con- 
sequently, it is, crucial that just the right 
amount of time is spent on the course. "For 
this introductory sequence, the danger of spend- 
ing too much time in the course is of more con- 
cern* than /spending too little. We want to 
introduce*, and provide an ovpiviw, not to go 
ieeply into the analysis of any facet of the 



FOUR 'MAJOR TOPICS FOR* COURSE 

.The content of an. INTRO cour,se. had four 
major categories. They are: 

I. The Language of Electronics (including 
schematic diagrams as we'll as termi- 

, nology). , * 

II. Instrumentation and Measurements . 

III. Hardware Familiarization. 
. IV. Concepts . 

These four categories are not to be in- 
terpreted as sequential topics. Rather^ they 
are ^the four areas of concern or each major * 
discussion or laboratory activity. # 

discussion of each ,of the four categories 
is preseritedkas follows: 



The, Language, bi^ElzctAonicA 



Because schematic' diagrams are employed 
" as a major means of communicating information 

:a 

regarding any particular system or circuit, it 
'is important that the. student become familiar 
with them early in his study of electronics. 
The conventions' observed in reading and-con- 
structing the schematic diagram are often- 
times overlooked. A partial list of these 
conventions appears later in this; discussion. _ 
The schematic diagram also provides an 
opportunity to make use of a systems approach 
in this ^introductory sequence. By observing, 
.on the schematic, that the system is composed 
of blocks or circuits, and that the, circuits 
■ are composed of individual components, the 
study of schematics fits perfectly with the 
system approach. .After studying schematics 

in this course, the student should be able to 

1 

make the transition between a wired circuit 
and its schematic as well as to wire any 
schematic given its schematic diagram. 

There is an overwhel ming amount of ter- 
minology that the student encounters through 
his' study of electronics, right from the be- 
ginning,' and this course* affords the oppor- 
tunity to familarize him with much of it. The 
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instruments alone present a formidable list 
to be learned if they are to be used properly. 4 
A. partial list of this terminology appears later 
in, this discussion. 

lii&t/ium&vtation and Mea6u*ement6 

There are, laboratory techniques, instrumen- 
tation and measurement procedures that the stu- 
dent needs when he encounters the laboratory 
portions of the circuits and, electronics courses 
th>t follow. This readiness can be developed in 
this introductory 'sequence. The student should 
upon completion of this course be able to use ' 
the basic instrumentation at the, lab station in 
his first circuits course with ease. It is 
-generally agreed, that these ins t rumen ts^must 
contain the following pieces: dual trace 
oscilloscope, function generator (with sweep 
capabilities), unit { pulser, vom^ and power 
supply. Additional instruments to be covered 
shouldbe selected by the instructor and might 
include: RtC-I, bridge, counter, ■ curve tracer, 
DVM, etc. 

HoAdMaAt ¥amiJUaAA,zation 

In implementing the systems approach, the 
student should be afforded the opportunity to 
inspect the ^complete-system that he is consid- 
ering with /the schematic diagram. Scne examples 
of systems' that might be used are a radio re- 
ceiver,-, television, automatic door opener, motor 
speed controller, C.B. transceivers etc. When 
the student 1 analyzes the system in terms of 
block diagrams (circuitsj^he should identify 
'these, sections in the actual jpiece of equipment. 

When the student is concentrating on cir- 
cuits'and their function, tht Idzat AiAaation 
ti> to pfiovidz lum itfct/t pnerivvizd ctitzmblzd 
"black box." ci/teacta. These circuits might 
well include -power supplies, rectifiers, filters, 
regulators, amplifiers, feedback units, oscillat- 
ors/ multivibrators, trigger's, sweep circuits^ 
detectors, discriminators, frequency doubler, 
gating circuits, etc. These circuits should be 
designed so that there are no problems with 
matching when they are interconnected to form 



systems. There are several commercial pre-* 
wired units that can be used to advantage in 
this sequence. - : 

'After studying some circuits, on a function 
basis, the student concentrates on the circuit' 
with its individual circuit components. He 
should become familiar with the common com- 
ponents. He should become familiar. With the 
common components found in the laboratory: 
resistors j capacitors, inductors, transformers, 
transistors, diodes, tubes, I.C.'s, triacs, 
SCR's, switches, etc. This might well be 
followed up with the techniques of bread- . 
boarding, soldering, and prototyping; . / 

In terms of providing the student with . 
additional motivation, it may well be advan- 
tageous to have the student constructing a 
simple project for his own xise in this course. 
There is danger, however, of letting these 
projects get too involved. They should 'be 
kept simple and involve a minimum of time, 
but yet allow an opportunity for the student 
to get some experience in prototyping, layopt, 
assembly and soldering. 

Canczptb 

The student needs, if this introductory * 
course is to be meaningful especially in 
terms of use of the it*" mment, to understand 
voltage as a force . Trent as a resultant 
of this force. These -cher. simple-minded 
definitions allow him to grasp the balance 
of the content of the course. No- further 
definitions of parameters are presented at this 
point. The student should be introduced to 
common waveforms, 'observe them on his 
oscilloscope, and- learn to express ^them both 
mathematically and graphically. 

This point is an excel Lent one for the 
inclusion of study of the slide rule and its 
use as well as scientific notatidtf and metric 
terminology. 

Much work can be done in learning of 
.concepts such as time- frequency relationships, 
gain attenuation, modulation, feedback fre- 



quency spectrum, harmonics, and phase, to list- 
only a ,few. These concepts can all, be treated 
in ra qualitative manner in. order to better pre- 
pare, the student for a rigorous analysis of them 
later. 1 Included also should be the color code 
and a study of switches and switching. 
* t Throughout thV course, the student should 
be provided with exposure to the electronics 
industry through visits or field trips to in- 
dustry^- films, and speakers from industry. -This 
enables the student to get a better feeling for f 
what, goes; on. 

.Finally after approaching electronics from 
a broad viewpoint and growing narrower in scope, 
the physics- of electricity is now covered. Our 
diagram.of Fig. 1 can now be modified as in 
w% " Fig. 2 that- shows an inverted pyramid for the 
INTRO course on top o.f the traditional pyramid. 
The inverted pyramid for the "INTRO course is 
expanded in Fig. 3. to reveal some of the detailed 
contents of the four categories. 

A 

""" "TIME ALLOTTEV-TO IHTROVUCTIOU TO ELECTRONICS 
' TECHNOLOGY COURSE 

Because the emphasis in this sequence is 
on getting ready for following courses, the , 
time spent^ on it is of much concern. It is felt 
that this labrordented course should receive 
between 40 dock houte ca> aynbtimum and 60 clock 
houru> 06 a maximum. This can be broken down 
as follows: 

Sm&bt&i Boau (15 tck&) QucvUca Ba<*>i!> ( ? ? tok6 ) 
1 hr. lecture/week 1 hr. lecture/week 

2-3 "hrs. lab/week- 3-4 hrs. lab/week 

"?m*It w<juld serve no purpose to allow more time to 
the course. We only wish to M wet their appetites" 
*n<k "feed 'em 11 . 



^SCHEMATIC DIAGRAMS VROVWE MUCH INFORMATION 

The following are'presented to reveal the * 
tremendous amount of information that can be 
found on, schematic diagrams of electronic sys- 
tems. Schematic diagrams should be used freely 
. in the INTRO course as an excellent source, of 



information. 

A Schematic Diagram . t 

1. Shows the sequence of signal operations. 

2. Snows the dependence of each tirrcuit 
block on neighboring blocks. 

3. Provides^a pattern for troubleshooting 
the ^system. , 

4. Provides a method for locating' the" parts 
of the chassis. 

5. Shows mechanical connections, linkages', 
or grouping of components, 

6. Shows external connections. 

7. - Shows relative importance of components. 
3. Shows interconnection of components. 

j 

9. Tells values and limitations of the 

components. 
10\ Signal v flows from left to*right. ~* , 
11., Signal components (coupling) are generally 

connected hroizontally. 

12. Power flows up-or down. 

13. Power components are generally connected 
vertically. 

14. All lines are drawn either horizontally 

pr vertically, unless specifically re- 

i 

quired by the symmetry of the circuit. 

15. Ground is always at the bottom. 

16\ All test points, components, connections,, 
pin locations," etc. are labelled. 

17. Overall symmetry must be upheld through: 

a . evenly spaced components . 

b. similar components are placed at same * 
1 luvel on the schematic 

c. parallel construction 

d. progressive construction 

18. Standard symbols and conventions are used. 

19. Function and importance of components and * 
circuits are indicated through component 
placement and orientation. 

Additional discussion of schematic diagrams 
can be found in Chapter 7. 
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Fig. 2 

Inverted Ryrami- 1 Approach 
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LANGUAGE OF INTRO COURSE 



8 ASIC INSTRUMENTS - • 

I . 1 * 
. ,| hjjgetting started in the JtvVioduction to 

E£ec#toaic6 Xec/mo£dgi/ sequence, the/e are three 

prerequisite studies that. must be made. As one ' 

might, 'suspect, these prerequisites, ire in the j 

area of instruments. If our study ok systems, 

sub-systems, circuits, and components an the. 

laboratory, is 4 to be effective, the student must b|e 

able to use the o6CAJUo6cop&, function goie/iatofiy 

* and ,pou>e4'iuppi£eA i<j&t/i'ea6e. Meters are not 



polarity 
AC 

trigger 




NOTE 
/ 



For this -and other lists to follow, it 
is su^J^sted tha^ the student be present 



ed with-'a ^c£ectcct set of terms to be 
placed in a perspnar notebook for later 

reference with* his comments as he becomes 

\ 

sufficiently 'familiar with them. This \ 
could be done with each laboratory 
activity. & 



/ 



treated 'at this poilit for the re a' 




they 



•are relatively* fragile and that 'This study opens ■ 

up, the "can of Worms 1 ' dealing with AC, DC, rms, j 
1 i 
avg, and average values. 

Ideally, the first of these instruments to | 

.treat is the oscilloscope for measuring amplitude, 

frequency, and time. I This is best facilitated 

• through the; use of alcenfltaC dte&ubivUon '6tj6tw 

in the lab which . permits the instructor^ toT^ke 

the waveforms to be considered (including D.C/)T* 

♦available at every station simultaneously. The 

students can then direct all their attention to 

observing and evaluating these waveforms in their 

introductory, sequence lin oscilloscope usage. 

Furthermore, the student doesn't^ have to learn 

the signal source simultaneously with tjj,e 



oscilloscope* 



THE- OSCILLOSCOPE' I 

The goal that is kept in mind is that we 
want -the-student-to-be-ablo- to— identify-wave*— 



FUVCTI0W GENERATOR \ ■ 

Once the osci lloscope/ is mastered, atteritibri 
ought to be directed to the signal source or \ 
&mctioii gQ.neA<vto?i. The function generator can I 

"be 16arned much ea*ier now that the student ■ 1 • 
can observe the effect of varying the level, j 
waveform, and frequency of the generator out-' 
put on his oscilloscope, trace. The problem • 
hsre is for the student to* learn to' set up thej\ 
function generator to produce any specified 

^itputjfaveform of designated amplitude ft and 

^^fAquency . » ^ 

* Once again, terminology is^ncountered 
that might J^fcifnew^ to the. student. A partial 
list follows: 



sweep width 
-triangular — 



attenuation 



-s-me-wave- 



forms on the oscilloscope in addition to measur- 
ing their amplitude, frequency and period; 

A partial list of the t$|pnology encounter- 
ed with the "scope" follows: 
oscilloscope calibration compensation 



sweep rate 
freqd&ncy^ j 
4 continuous / • 




trace 
chop 

alternate 

deflection^ 

display 



sync 

gratitude 
magnifier 
multiplier 
probe 



• parallax, 
T beam 

Y f° c . us 
*^>ntensity ' 



as.tigmat ^m 



square wave 

-jwaveshape 

trigger ' period 
Hertz . sweep 

slope manual 
pulse rate frequency 

BEWCH POWER SUPPLY 
j Finally,- the bench power supply should be 
- treated so tha\ sub-systems and circuits can be 



examined alone, out of the^system. After, 
'completing this initial study o£ ^he bench /power 
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supply the* student should be able to . adjust and 
connect It to any circuit terminal£\*ith the 
correct level and polarity. Terminology en- 
countered ,ihc ludes : ' , 



mil li amperes capacity 
volts * . ground 
level. f current 
short circuit current 



positive 

ripple 

polarity 

/ 



negative 
AC DC 



OTHER mrmEkTs 

; The other instruments \fquhd in the lab- 
oratory, are chosen by the instructor for , in- 
clusion' in- this stud£. However, the ana-log 
meters,, curve tracer,, and bridges^are recommended. 
Once-^gain^the terminology encountered roust " 
aiways.be kept foremost in mind. ,For example, ' 
the analog; meters involve terms such* as: 



miliiampere 
"db 

range, 
ohms 
amperes 
reset 



microamperes 
zero 
AC' 
DC 

non-linear 



\ 



multipliers 
lead 
scale, 
linear 
volts " 



( 



SUGGESTEV SYSTEMS TO STUDY 

» tnpioducjbion to Elzc&ionizt> Technology 
sequence, if it is to offer the "Big Picture", 
should be built around approaching electronics 
from a &tj6]tw& view-pointl. The objective is for 
the student to realize that all systems are 
composed of sub- systems with discrete functions 
that, when added together, result in the total 
system function. Furthermore, it needs ; to be 
HEea44g^d-that-- th e r e a r e o nl y ab o u t two dox e u of ~ ~ 



Automated- sequence ^ontrol^system* 
Light actuated control systems 

_ I r • 

* BREAKING 'SYSTEMS INTO SU8-SySTEMS 

• t * 

An example of how these systems might- be * 
biokzn down into 6ub-6y&tcsn& and aequenced is 
presented here for purposes of illustration. 

1. P. A. System [First System Studied] 
. a. Transducers } 

b. Pre-amp f ► ) / . _ " , 

| 'Sub -Systems and 

c. Power amp . > f/ ' circuits 

d. Power supply ^) / 

» I * 

2. A.M. Radio Receiver [Second* System Studied] 
a; Transducers ' } 



b. 
c. 

o 

d. 

?• 
f. 

g- 
h. 



Tuner- 
Oscillator 
Mixer. 
I.F. amp 
Detector 
Pre-amp ' \, 
Power anip 1 
Power supply 



} 
} 
} 
} 
) 
' ) 

} 



Sub-Systems and 
Circuits 



.1 



Note that in this 2-system sequence, when the 
student looks at the A t M.' radio receiver he 
already is familiariwith ithe loudspeaker as* a 
transducer (a), andjthatJie is familiar with 
the pre-amp, power ampj and power supply (g, 
h, i). He now can direct his attention to . 
the S new sub-systems and how they fit into, 
the system. This. second system should Be 
* followed with another that incorporates both 
new and familiar circuits. - 



these sub-s^ystems" and 'that the way they are inter- 
connected determines the. system function. 
t .Possible systems to study might well 
include: 

Public address" system 

A.M. receiver 

T;V. receiver 

Motor speed control 
. , Receiver-transmitter 

Closed circuit monitoring system ■ 



Terminology encountered when examining 
systems includes: . 

signal processing block diagram response time 

input output transducer 

schematic power flow feedback 

cascading symbols 

(Remainder depends on systems used) 

• * 

SUMMARY OF BA^IC SUB-SYSTEMS * . 

Th^ sub-systems that make up the bulk of 



electronic^ systems are outlined below. -The aim 
p"f]tbiSr.study is for the 'student to learn the 
;l function of each sub-system on a quaLLtative, 
Jbasis- and be able to identify the signal pno- 
c&a-chg^fimctibn of each. 

Sub-Sytt&ns 



4. 



1. 



Power Supplies 
a. rectifiers 
b • , fi Iters 

^bleeders • 
d. regulators . 
eT power supplies terminology 

filter capacitor 



saturation risetime f 

pulse rate astable / 

.falltime- f / ! 

Feedback (regeneration and non- j 
regenerative) 
Logic Circuits / 
jk. "'AND, OR _ i 

NAND, NOR, NOT 9 \ 

counters 

logic circuits terminology 

AND; OR, NAND, ' shift register 
-bistable 



.7 

/d. 



voltage regulator 
/jfans former 
* filters, 
-bleeder 
he If. .wave 

- metallic 

Amplifiers-^ 
i, DvC. 



rectifiers 
choke 

ceitter* fap_ 
full wave 
bridge 
regulators 



, 5. 



NOR, NOT 
monos table 
octal 
matrix 
Wave Shaping Circu its 



decimal 

register 

binary 



/ 



p. 

s. 

e. 
£. 



power , ^ 

"small signal 
AF-RF-IF 
cascaded . 

tuned (Do frequency doubler here) 

Amplifiers terminology 

frequency responses small signal AF 



D.C. 
RF IF 
tuned. , 
bias 
/input *Z 
^distortion- 



power 
cascaded 

- coupj. ing- 

gain 

output Z 



Oscillators (Feedback and Switching) 

a. sinusoidal 

b . rectangular (Multivibrators) [ 

c. triangular " 

d. , oscillators terminology 

phase shift/crystal bootstrap ramp 
multivibrators- 



Colpi^tts 
blocking 
cut- off 



0* 



frequency 
* Hartley 
Miller 
f switching 



/ « a. differentiators 

b . integrators 

c. clampers 
<U — clippers 

e. others 

f . waveshaping terminology ' 
differentiation asymptotic value 
integration exponential 
clamper clipper 

„ -'initial value DC level 

positive peak negative peak 

area 

6. Special Purpose Sub-Systems 

a. mixer£ 

b. . time programmable switch' 

c. magnetic circuits' 
* d. other 

e, . special purpose subsystems terminology 

Terminology depends upon those sub -systems 
included in the~s~ttrdy 

COMPONENTS 

In dealing with components in the hittio- 
duction to Eizo/.fronLcA Technology sequence, 
the goal should be for the student td be able 
to <Ldo.nti&y and to d&no\U>&ia£<L a quatU^utlvz 
undzutanding of the function of each.. A list- 
ing of ^suggested components and associated 



terminology follows: 
1 . Resistors I 
a. -types 1 

1. carbdn composition 

2. wire wound | 
^ 3 



/ 



b\ 
c. 
d. 
e. 



pinchumos technology") 
ratings and tolerances 
•/olor code and s.td. sizes 
,pots and rheostats / 
resistor terminology j 
deposit film 



! 



carbon 
1 pinch 
J wattage 

rheostats 'j / 
. taper I \J 
leads $ 
!, multiplier 
Capacitors 

a. types ,| 
- 1. ceramic f 

2. — paper * 
3* ele* trojytic 
4* others ! 

b . ratings' i 
, 1. pcwv 

2* temperature 

c. sizes 



mult'itura pots 
wire- wound 
/ ^olerance 
pots 
- linear 
colwr code 
terminals — 



V 



d» capacitor terminology 
n^n-polarized 




3. 



arize'd 



sui'ge 
breakdown 
trimmer 
Inductdrs 

a. types 1 j 

b. applications! 



electrolytic 
dielectric 
mica >vy 
mylar 
DCWV 
farad 
tuner 
paddei 
leakage 
pfd 



1. 

/?• 

/ -3. 



filters 
R.F. \ 



inductor-associated termin 
tumplewound bifilai wound 
millihenry- DC curijent 



swinging 
RF 

Transformers 

a . power 

b. audio 
pulse 



ripple j 

DC ohms! 



c. 
d. 



transformer terminology 



voltage ratio add 



I rimary 



turns" ratio 
power 
step-up 
core less 
hysteresis 
^Transducers* 
a. electrical to meci 
electrical to heat 



currents 
secondary 
power ratio 

j . 

transistor 

I 

step-down 
co^pperloss 



Hanical 



b. 
c, 
d. 
e. 



electrical to light " 



I 

electrical to sound 
electrical to chemical 
f. transducer terminology 

Depends on the* type used, however, a 

ii ! * 

partial list follows: 

thermocouple » thermistor 
speaker microphone 
photocell etc. 
Devices 

a. transistors 
diodes 

metallic rectifiers 



strain gauge 
photodiode 
etc. 



b. 
c. 
d. 
e. 



vacuum tubes 
device terminology 
capacitance saturation 



collector 
curve 
junction 
potential 

common 
filament 
vacuum 
epicap 



emitter 
input 
breakdown 
v 

cc 
NP 

stability 

metallic 

Zerier 



barriers 

base 

output 

cutoff 

v 

ce 

v 

knee 
PN 

tunnel 



7, 



bias (forward, reverse) 
. resistance 
Motors and Generators (easy does it) 



HARDWARE 

The hardware encountered in the electronic 
industry can be very formidable to the new 
electrpnics student. The reason for a study 
of basic hardware -is to familiarize the student 
with the basic techniques and gadgets used to 
support -and package electronic systems, sub- 
systems and components. A partial list of 
possible hardware follows: 

Hardware : 



CONCEPTS 

In addition to familiarization, the 
Introduction to EZ.ctnonia> TtdmoZogtj sequence 
should also convey certain concepts. List of 
these concepts follows: 



board construction 
sockets and bases 
wire and sizes 
breadboarding 
soldering 
chassis construction 
vector board and* systems 



component mounting 
fuses switching 
heat sinks 
"fasteners 
connectors 



Concepts : 
a. 

*>• 
c. 
d. 

e - 
f. 

g- 
h. 
i. 

j- 
k. 
1. 
m. 
n. 



voltage as a force - 
^urrent as a resultant 
instantaneous quantities 
waveform descriptions 
gain_ ^ 
attenuation 

time delay v \ 

distortion 
modulation 
demodulation 
feedback 

frequency spectrum 
frequency respoqse 
harmonics y 

freq. =7 



. Hardware terminology: 






silkscreen 


^connectors 


fahnestock 


This introductory sequence, in order to 


soldering 


pan brake 


photoetph 


provide a view of the "Big Picture" of elect- 


twin line 


heat sink 


RCA phone 


ronics, should offer the student a view of 


alligator 


nibblers 


[ 

phi Hips 


the work of the technician. This kind of 


nuvistor 


switches 


•military 


material can be handled through the use of 


terminal ' 


breakers 


sockets * 


field trips, discussions, seminars, movies 


' solder 


layout 


. 1 
banana 


and -visiting lecturers. Examination of this 


vector 


inline 


type 


area enables the student to make a more 


screw 


round 


board 


effective choice in. terms of his own career 


resin 


shear 


phono 


plans. 


9 pin , 


* 

novar 


fuses 




phone 


c 

7 pin 


NASA p 


SPECIAL SOURCES OF INFORMATION 


flux 


* lead 


etch 


Among the assorted materials and handouts 


coax 


tin 


pan 


needed in order to supplement the. class and 


BNC 


UGS 




° laboratory materials are schematic diagrams 


cold solder 


ft punct) rivets 


photo resist 


and block diagrams of the systems studied, 


inline decal 


UHF connector 




circuit diagrams of the sub-systems, and 


circular mills 


heat application 


catalogs to be used to> familiarize the stu- 


4.40, °6-32, 8- 


24 nuts 




dent with hardware, components, and systems. 


etc. 






- A partial* li?t of sourc/s may be found in the 


etc. 






appendix . / 


etc. 
* 
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ILLINOIS CENTRAL 



The Introduction to Electronics Technology 
course is taught during the first quarter or 
semester depending on the schqol plan. It par- 
allels Resistive Circuits ^ the seitfester plan$ 
and precedes it in thp quarter plan. 

To paraphrase the movie makers of today, 
possibly^a more appropriate name for the course 
would be "The Big-* Picture; 11 or better yet since 
a primary objective of the- course is to acquaint 
the student with the field of electronics tech- 
nology, "The Big -Picture of Electronics. 1 ' 

•One of the age-old problems of two-year 
technical schools has been, to package the nec- 
essary topics and materials into a two-year 
period. At the same time we are faced with the 
problem of how to organize the courses as well 
as the course sequence so as to be most effective. 
Keep in mind that we need the student to be 
aware of "where he is going" while progressing 
through this two-year sequence- Logic seems to 
dictate that we should begin with an overview 
•of "what is to come." 

Therefore, the objectives iot the course 
are: * x 

1. To provide the student with an oppor- 
tunity to observe electronic circuits 
in .operation and waveforms associated 
with them as well. 

2. To familiarize the student with pro- 
fessional electronics test instruments. 

3. To generate within the student an 
^appreciation of 1 .' and "interest in" 
ELECTRON CS TECHNOLOGY. 

The -first few sessions are devoted pri- 
marily to the measurement of curient, voltage, 
an4 resistance. This segment cf the course 
should be as brief as^ possible, and one should 
move*on to the electronic circuits which are 

♦Prepared by Robert T. Wilson, Coordinator of 
East Peoria, -Illinois and presented at Elect: 
.February 26, 1970. Mr. Wilson is a member o 
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to be investigated.' Plenty of opportunities 
exist to measure E, I, and R while investigat- 
ing electronic circuits. At this. poiYit, let 
me emphasize that instruments should be in- 
troduced as they, are needed to analyze the 
function of electronic circuits and components. 
F6r instarce, the oscilloscope should be in- 
troduced when it is needed to measure \f' Q *of 
an electronic" circuit, ftith this approach, 
students *tend to regard instruments in Jheir 
proper perspective;' i.e., as useful and 
necessary tools for investigation and analyses 
rather than something with which to play. 

Now comes the WHAT, WHY, and HOW; that 
is, what will we 1>e studying, why will we be 

studying^ it, and how will we make the in- 

. /. 
vestigation. 

The first objective, as stated earlier, 
is to provide the student with an opportunity 
to observe functional electronic circuits t 
and waveforms associated with them; as well 
as, how they are used collectively to form 
systems. One could use either of two° approach* 
in meeting this objeQti^ve. First, a CAACiut- 
£o-6tj6£w approach. The student is introduced 
to circuits on an individual basis and finally 
studies them collectively as a system. He has 
little idea of what system the individual cir- 
cuits will eventually make. Secondly, a 
6tj6tw6-£o-ciACUAM> approach. This approach 
seems natural since students are used to see- 
ing systems such as radios, televisions, 
cartridge players, etc. Initial ly,. the stu- 
dent investigates the system and gains "in- 
sight to M and "appreciation of 1 ' its overall 
function and purpose. Next he analyzes the 
individual circuits of the system by investi- 
gating input-output waveforms and/or volt- 
Electronics, Illinois Central College, 
•onics -Technology Conference, 
■ the Steering Committee, ' * 
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ampere characteristics. He then can connect the 
system again and observe its operation for the 
second time* At this point I believe that I 
should define a term which I .have been using in 
this presentation. I define a "system" as being 
a group of electronic circuits which have inputs 
and outputs which are usually non-electrical. 
A motor speed control would be a good example 
jas would an electric garage door opener where 
a button is pushed and the response is mechani- 
cal, i.e., for a door to open. Some individuals 
involved in the project prefer the term "sub- 
system" instead of "circuit." The systems tc 
circuits approach provider the opportunity to 
use a closed ioop educational technique as 
follows: / . 

"A. Study of the functional system / 
( B. Study of circuits j 

-C. ~Study of the functional system j 
I view the systems to circuits approach as being 
the more valuable method for these reasons: 

1. Places an operative system before the 
o student prior to investigation- of the 

individual circuits (or building blocks) 

2. Tends to hold student interest better 
than circuits to systems/ approach. 

3. Allows the student to relate the in- 

t 

dividual circuits back to the system 

as he is studying it/. 
How do we implement the study, that is, 
what materials will we need and so on? The 
method of implementation ^will depend upon two 
primary factors: '< . 

1 . What type of system the school operates 

i 

on, that is/ the quarter system or 
the semester system. 

2. On the i^Aividual instructor's prefer- 
• ence. ^ 

Experience / has^taught us that this course 
can be taught effectively with fifty to sixty 
clock hours. / If five hours per wee^(f<iur lab, 
one lecturo) are devoted to this course pn the 
quarfer system or four hours per week (three 
lajb, one, lecture) on the semester plan, we have 
our necessary hours. Some instructors who use 



highly developed hardware systems' claim they 

/ P 
teach the course in- approximately forty clock, 

hours. The. lab-lecture hours r?tio clearly 

indicates ,that e this is a "HANDS-ON" lab-oriented 

course. 7 The majority of the learning takes 

place i/i the lab rather than outside of class 

through the use of written materials. 

Hardware used in the course depends on 
instructor preference and availability of 
materials. Some instructors prefer to use 
discrete components and n%ye the student 
assemble and tear down each^circuit. 9 tners 
prefer to use circuits already on breadboards 
or built in boxes where minimal amount of time 
is devoted to set-up and teardown. * Certainly 
each" method has it6 advantages. 

David Peterson of the Project Staff 
recommends that a set of circuits be construct- 
ed *in individual metal boxes whereby students 
can build systems by plugging boxes together. 
After analysis on the systems basis, this 
plug arrangement lends itself to individual 
plug investigation. That is, each plug could 
be studied. on an input-output frasis when 
connected to the power supply plug. While this 
approach might not be feasible, for each system 
studied, it would aid the <student in develop- 
ing the systems to circuits approach. Plug- 
in or plug together hardware systems which 
might be used for parts' of this course are 
becoming more readily available. Others in- 
volved in the project recommend the fabrica- * 
tion "of breadboard circuits. These circuits, 
too, can be connected as systems for initial 
investigation and then studied on an individ- 
ual basis. 

Thirdly, ai;d initially the easiest method 
would be to use discrete component's in lab- 
oratory investigations. This method obviously 
is more time consuming but has other equally „ 
apparent advantages. 

the instructor may desire to use more 
than one* of these hardware systems in lab- 
oratory investigations. As time allows, how- 
ever, we recommend that as many systems as 
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possible be built for the students. Once you 
have settled on one or more of the hardware 
systems for laboratory use you may then give 
attention to laboratory investigation. I believe 
that emphasis on laboratory investigation should 
be on a qualitative basis rather than quantita-. 
tive. There is need for* only a small amount of 
quantitative analysis. Let the student first 
look at a^ system and observe its overall function 

0 

and he will then be eager tj investigate the 
* individual circuits of that system. Investiga- 
tion of individual circuits will consist primari- 
ly of the observation of input and output wave- 
forms. Students can also vary circuit components 

and observe the resulting change in time varying 

. * 

waveforms . 

. We -have found a great deal of materials for 
use in this class. You will find industries 
extremely cooperative in providing schematic and 
block diagrams for study. Due to the nature and 0 
scope of this course, it has not been any surprise 
to us that we have not found what we consider 
.an appropriate textbook. Most student materials - 
for this course are hand-owU which "guide the 
student in his investigation. Let me emphasize 
that I believe that each investigation or 
experiment should be highly structured but yet 
not be a step-by-step directive. 

You may be wondering by now just what 
building blocks can be investigated in a course 
such as this. As an example, let me discuss 
with you the topics which Ray Engeliand of the » 
Willmar Area Vocational Technical Institute, * , 
Willmar, Minnesota, covers in his Introdu. cion 
to Electronics Technology course. Ray requires 
the students to proceed through the first four 
of these topics in .die order shown. Once they 
have finished the first four topics, they are 
free to complete, 'th^remaining lab "topics in 
order of their choice. Most of us involved in 
the project are using a list of topics similar 
to Mr. Engelland's. 

1. Electronic/Voltmeter (voltage and 
resistance> 1 

2. Multimeter (voltage, resistance, and 



current). 

3. Oscilloscope (peak and peak-to- 
peak voltage) 

4. Audio frequency generator (sine 

- and square waves) # 

5. Half wave rectifier (no filter) 
6.. Full wave rectifier (no filter) 

7. Full wave and half wave rectifier 
(with filters) 

8. Lo voltage doubler 

9. DC voltage amplifier 
ITT AC voltage amplifier 

11. Parap&ase amplifier 

12. Push/Pull power amplifier (mike 
and speaker) 

13. ' Relaxation oscillator 

14. Hartley oscillator 

15. .Colpitts oscillator ' ' * 

16. Phase shift oscillator 

17. Blocking oscillator 

18. Unijunction oscillator 

19. Astable multivibrator 

20. Monostable multivibrator 

21. Bistable multivibrator 

22. Clocked Set/Clear flip/flop 

23. Miller Run up circuit 

24. Schmidt trigger 

25. Triac control circuit 

26. Time delay relay 

27. Light operated relay 

28. Limit^rs 

29. Clampers 0 

30. Electronic Counters 

Systems studied in Introduction to Elect- 
ronics Technology should be as simple as 
possible and relevant to student interest. For 
instance, if like to use the Timz Plognairmablt 
Elzc&ionicj Switch System for the purpose of 
introducing the student to UJT and SCR devices. 

Immediately the student can <*ee the pur- 
/ % 
poses fox the system and, therefore, develops 

an^nterest in studying the individual cir- 
cuits /involved in the system. Tjhe student's 
interest is aroused* when he sees^thc system 
operate initially, and he may^want to fabricate 
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a simple system such as this one on his own out- 
side the classroom. Here 'is an example of a 
system which one of ray beginning students con- 
structed on his own while enrolled in Introduction 
to Electronics Technology, fie cut the* PC board 
and wired the circuit of this Lone. Vtioquammabtt 
Ele.cfribfiic SuxUch Sy&tem. I did not know that 
he was working on the system until it was nearly 
completed and he showed it to me. Needless to 
say, this young man profited from the course 
and is doing well in the second semeeter of his, 
freshman year. 

- You may have guessed by now that we feel 
this .is the NUMBER ONE course in the entire 
curriculum. We believe it must be NUMBER ONE 
for several reasons: 

1. It can provide a common background for 
students Jin all electronic programs. 

2. Gives the student a preview of What* 
is to come in later courses . 

3. Keeps them coming back; that is, it 
will help to interest and motivate 



students who you might otherwise lose, 

\ 

4. Provides opportunity for vocational 
guidance through the us\ of field 
trips, films, listening to^echnicians 4 
speak about his job in industry, etc. 
And finally, the most important key to 
success in this course is the instructor >^He 
^must be enthusiastic so as to excite the student 
about electronics. The instructor must be con^ 
. vinced that he is teaching the most important \ 
course in the curriculum. He must choose hard- 
ware and software which provides him with* the 
greatest teaching effectiveness. Introduction 
to Electronics Technology provides him with an 
excellent opportunity to work closely with^s.tu- 
dents and to develop that ever necessary char- 
acteristic of rapport. Many things can be done 
to interest students - quite obviously limited 
only by the instructor's imagination. Aftfer 
teaching the course three times, I am firmly 
convinced of the value of Introduction to Elect- 
ronics Technology in this electronics curriculum. 
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WILLMAR AREA VO-TECH INSTITUTE REPORT * 



The INTRO course as taught at Willmar Area 
Vocational Technical Institute is entirely a 
lab oriented course. The introductory informa- 
tion and demonstrations are made in the labora*- 
tory area. The laboratory, the p.rinted instruc- 
totrprepared information sheet, and the refer- 
ence- material make up the .contents of this 
course, the basis -of this course is to give 
the student an opportunity to use the "hands on" 
approach to learning some general .concepts of 
electronics., The major objective of the course 
is to provide the students with an opportunity 
to observe the operation "of a group of practical 
popular circuits which are the building blocks 
of ali electronic systems. This particular 
system is used in an attempt to provide incentive, 
motivation, interest, and curiosity in the field 
of electronics; The course is taught simulta- 
neously with a separate course in circuit analy- 
sis. Th~e color code, soldering, use of basic 
han4 tools is covered in -the lab section of the 
circuits course. There is no particular reason 
for approaching it in this way and I am sure • . 

lere are better approaches.. It just happens 
to oe the way that we do it. No attempt is 
made tq study the complete theory of operation 
of any orVthe circuits at this stage in the stu- 
dent's development. . The student will have an 
opportunity tO\Study the individual circuits in 
depth in the other courses which follow. 

Keeping in min^\that the student that en- 
rolls in our program is there because he feels 
that he is interested in electronics we attempt, 
through a course such as this, to nurture and 
develop that interest. 



The experiments in this series "as used at 1 
our institution are written around the material 
that was available in our lab. Each lab has 
some of the components and circuits which are 
around but not being used. We happened to 
have a complete set of demonstration equipment 
along vtith student trainers. The circui ts and 
panels are used as the basic hardware for the 
course. ✓ 

We feel that all circuits should be buil^ 
for the student to avoid spending 3/4 of every 
lab session building up and tearing down cir- 
cuits. 

The experiments except ior the first four 
can be taken in any order so the student can J 
be rotated by the hardware. There are a few 
of the experiments or experiences, i n which a 
sequence is desirable but not absolutely nec- 
essary for success of the program. 

The experiments all follow basically the 
same formal which we feel gives the student' 
an opportunity to progress without a great 
deal of conflict^ -The format is a part of the 
teaching tecfiHique that is based on the idea 
of keeping the/student interested. We do' not / 
feel that it is necessary to "entertain"' the 
student with gadgets. However, we do think 
that the student must be given experiences, 
that 'will interest him and hopefully motivate 
him to further study of the subject: The 
format tlTat we have found successful in 'our 
situation basi cally "starts by teljing what 
the device or circuit is, what it' does ,«*where, 
it is used, how it is used, the circuit dia- 
gram showing all of the strategic points ih- 



*Prepared by Ray A. Engelland, Electronics Department Chairman, Willmar Area \ 
Vocational-Technical Institute, Willmar, Minnesota. Mr. Engelland is a member 
of the Project Staff. His report represents one of the first efforts to 
organize and operate a complete course on the concept of an lnOtoduction to 
ElzcfrionicA Tzdmoiogij course. ) 
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eluding, expected waveforms for voltage # How it 
works in very qualitative manner, which xbmpo- 
nents or* parameters are variable, the. operating * 
.procedure (called ge,t the .circuit working) , 
changes in conditions or parameters to allow 
observance o£ the circuit ^or device* behavior,* 
listing references where/additional information 
c an b e obtained, and conclusions for'the,'stu- 
dent to complete*. * ' . 

, : The* following is the list of experiments 
and the general- order in, which ttfese experiments- 
are completed by the students A 



*1. Electronic Voltmeter (voltage and 



resistance) 



2. Multimeter {voltage,^ resistance and 



5. 
6. 

*7; 

8.. 
9. 
10 V 

ir: 

12. 

13. 
14. 
IS. 
.16. 
17. 
18; 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27*. 



current)' * 
3i Oscilloscope (peak and peak' to peak 
voltages) 

4. Audio" frequency- generator (sine and 
* sqiare waves) ' 

HaTf wave rectifier (no filter) 
Full wave rectifier (no filter) 
FullTJave-and^half wave recti fier/ 
(with filters) 
Lo~ voltage doubler 
DC voltage amplifier . 
AC voltage* amplifier 
Paraphase amplifier 
Push/Pull power amplifier (mike and 
speaker) 

Relaxation oscillator 
Hartley oscillator 
Colpitts- oscillator • 
Phase shift oscillator 
Blocking oscillator 
Unijunction oscillator 
Astible multivibrator 
Monostable multivibrator 
Bistable multivibrator 
Clocked Set/Clear flip/flop 
Miller Run up circuit 
Schmidt trigger 

Triac control circuit ° , 
Time delay relay 
Light operated relay 



28. Limiters 

29. » Clampers 

30. Electronic Counters 

. The electron^ voltmeter (VTVM)is the first 

Item on the list and is covered first for two 

j > 

reasons; the VTVM is not a difficult! instrument 
to operate and is very, forgiving of reversed 
polarities, over ranging and will not be dam- . 
aged if a voltage is impressed across it when 
on the resistance scale. The basic instrument 
is used to measure A. C. 'and D.C. voltage and 
resistances. The source for A.C. and D.C. is 
a line isolated voltage divider and an assort- 
ment of batteries. The, resistors used vary 

from a piece of nichrome wire to resistors 

mounted on plastic mounting boards. The size 
of all components and voltage are listed on 
the ^components and the source so the student • 
learns to read the instrument only at the 

" point . V 

The multimeter (VOM) is used with the 
same sources in the second experiment, however,' 
the student breaks the voltage dividing chain 
to measure the current flow through resistances. 
This experiment has not been well accepted s 
and we suspect the reason is because it is so 
similar to the first one that only one new 
concept is brought out,**which is current mea- 
surements. 

The oscilloscope is always interesting 
t& the student and it can be a tremendous ' 

^teaching tool. Here, we te31 the student 

• very qualitatively how the oscilloscope works. 
The material in the hand-out will get the 
trace stopped oji the scope screen for the stu- 
dent and' lead him through a sequence of steps * 
designed to teach the operation of a simple 
sweep oscilloscope. The source for this ex- 
periment is a Jine isolation voltage through 
a voltage dividing'network to provide the * 

.signal at different levels. The concept of 
peak-to-peak an$l peak voltage is conveyed at 
this point by showing a meter reading and an 

^oscilloscope reading at the same time. 
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The experiment on the Sine and Square Wave % 
generator should be combined with the one "on <the 
oscilloscope so that it could be used as a 1 
source to excite the 'scope. The students are 
given the opportunity to hear and see audio 
frequencies In . this experiment . 

Thehalf-waVeNrectifier is the first real 
practical circuit for the student. The half- 
wave rectifier has an additional switch which 
opens one side of the transformer of a full wave 

supply. Tfie.jstudent dn this experiment has 
the opportunity, to create pulsating D-C and to . 
measure the peak value with an oscilloscope as 
well as* measuring the D-C value with a meter. 
The* student-is ^given a diagram of the circuit 
in use and: the diagram sjiqws all of the switches, 
transformers, semiconductors, etc. 

ftfe full-wave rectifier use's the same hard- 
ware as the half-wave, only thisjtime the switch 
is closed to complete both Hd$s <of the power 
supply.- the procedure of this experiment is the/ 
same, as for the half-wave except thW student Jfs 
.asked to compare the results of the ^w^arfafcome 
up with spme conclusions. # 

The full- wave Rectifier circuit is now used 
and three different types of filter circuits 6 
(along "with bleeder resistors) are attached to 
the basic power supply. These filters are then 
loaded with a resistance to show the effect of 
ripple. The .concept of ripple content by measur- 
ing the A-C component is introduced at this point. 

The-doubler circuit is a very interesting 
experience for the student. We use a 6.3 volt 
filament transformer as the source of A-C because 
we like to keep safe levels of voltf-.e* t ^he stu- 
dent is only shown that voltage doubling is 
possil e and the secret of its operation is the 
addition on stored charges. The tripler is built 
up as* well 'so the student gets an opportunity to 
look at a tripling circuity The diagram of the 
quadrupler is. shown also, simply for an interest 
creator: ^ 

The D-C amplifier is a simple transistor on 
a heat sink (we use a 2Nk7t>) with a circuit all 
attached to show D-C voltage amplification. The . 



transistor is merely connected to a- 12 volt 
source and the voltage is varied on the "base 
through a voltage divider bias arrangement^ m 
This keeps Jthe transistor operating about in <■ 
the middle of the active region. A banana 
jack ds located at the collector to monitor 
collector* voltage. No attempt is made here. to 
explain saturation or the active region but 
cutoff is defined and demonstrated. -Visual 
cutoff is achieved by using a light bulb in 
series with t^Tcol lector load. 

The amplifier used in the D-C voltage 
amplifier is used in the A-C amplifier experi- 
mentally a simple R-C circuit along with a _ 
sinusoidal and square wave source is applied. 
The ^different subjects including phase shift 
are shown rand denned in -this experiment. The 
input is increased in amplitude to drive the 
transistor into saturation and the concept of 
.saturation is then explained qualitatively 
after applying both sine and. square inputs to 
the circuit #the source is removed and a D-C 
level is applied; and the blocking effect of' 
the coupling capacitor is shown. 

Because. some circuits require output whi^h 
are equal in amplitude and 180° out of phase, 
the paraphase amplifier ^introduced next.. 
Here the difference in phase of the two outputs 
is illustrated and the student is allowed to 
varj£ both emitter resistor and collector re- 
sistor within limitr. in order to illustrate 
the different amplitudes of output that can 
be obtained. * • 

The push-pull amplifier follows the para- 
phase ^amplifier nicely because it requires a 
paraphase input. The amplifier used here is 
the paraphase amplifier used in Experiment 11 
and a push-pull power amplifier. The output 
is connected to a speaker and the input to a 
°" microphone. The student is allowed to see and 
hear his voice or a tone, whatever is available 
The student really thinks this is gfleat. 

The relaxation oscillator using a neon 
bulb, an RC combination and a D-C power source 
has ay^ascination for students in that thev^ can 
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vary frequency of the flashing light and are able - 
to sfee D-C transformed into ramp voltage via the 
neon tube relaxation oscillator. We use a vari- 
able resistance in the resistor leg for ,the pur- 
pose of giving a variable parameter. The explana- 
tion can.be very qualitative' and the "simple cir- 
cuit is very fascinating for the student. This 
circuit lends itself to some nice calculations 
when discussing single Xime constant circuits at . 
a later time. 

The two experiments pn the Hartley and 
Colpitts oscillator should be combined into one , 
experiment, The oscillators are both LC oscillators 
and arf so much the same except for feedback ' 
technique that it is hard to justify two separate 
experiments for them. The variable parameters 
here are the L and C of the "tank circuit. 11 The 
other component that may make some changes here 
are best left untouched as they tend to stop 
oscillations or create some questions that are 
difficult to answer with the students at this 
stage of the game. 

The phase shift oscillator is used in the 
conventional way. It has a variable power supply 
to vary the frequency and amplitude. The student ^ 
is exposed to .feedback in a different manner than 
.before and should realize the importance of the 
device.' 

A blocking oscillator of the damped single 
swing type is used for the next experiment. This 
device is readily adjustable in frequency of 
pulse as well as frequency of the swings. The 

.student here has the opportunity to observe that 

\ / 

he can change the PRF without affecting , the size 
of, his pulse or he can change the size of the 
/fnilse and not affect the PRF^. 

The unijunctioA oscillator is us4d to show 
the student another method of creating a sawtooth 
or a ramp type of waveform. The use of the uni- 
^ junction transistor for this oscillator also 
t provides the^studerit with the concept of timing 
by the RC component. This experiment utilizes 
a modified panei so that different combinations 
can be used. 

- The astable multivibrator experiment can be 



a success or failure depending on the approach. 
The first time we used the astable experiment 
it fell flat because we were trying to do xoo. 
much with it. We then added a lamp* in one leg ^ 
of the astabl^circuit^and the student was 
asked to adjust the frequency of flashes to the 
point that the circuit would just oscil/late. 
The scope was then attached and the 'frequency 
was measured. The student is^ thert asked to v 
increase the frequency until the bulb just 
appears lighted continuously. The scope is- 
a^ain applied and the student is asked Jto_ t% 
measure the frequency. The concept of voltage 
levels and waveforms other than sinusoids and 
ramps can be introduced with this device. 

The raonostable multivibrator Is no.t as 
exciting as I would like.it to.be and I feel „ 
the only thing that is shown is the pulse width 
change that can be accomplished with it. The 



concept of pulse stretching an^resh aping; is 
- ■ ~i 

introduced here; We feed this circuit with 
both a single swing blocking oscillator and a 
spike voltage." This circuit which is of great 
practical vafue has been tough to sell to the 
students; - 

Bistable multivibrators or flip/flops are 
interesting if the student wil} use some judg- 
ment. This particular experiment utilizes a 
wired .board with a very simple bistable cir- J 
/ cuit on it. The student has~an opportunity to 
see the light switching on and off as the unit 
^hanges state. We run the student around ^he 
circuit using different triggering techniques 
to show the student that he can cause the cir- 
cuit to change state by a multitude of met is. 

The clocked set/clear flip/flop introduces 
the concept of two input-signals required to 
change state and also makes the student aware 
that these circuits can be^timed or enabled by 
simultaneous signals. This flip/flop, as woll 
as the bistable in the previous experiment, is 
monitored by lights and the oscilloscope or 
multimeter whichever the student prefers.' 

The Miller run-up sweep circuit has been, 
a difficult circuit to work with in getting any. 



/ % 

/ accuracy from it. The a^jusjment is very critical 
because we have^ attempted to vary the cross re- 
— 7^>*-T?Ist'ance in order to. vary the linearity of the 
sweep. r The adjustment seems very critical and 
I don't feeT the, headaches of the thing are 
worth the rewards. 

ThflfSchmidt trigger or voltage level dis- 
criminator experiment may not seem essential 
because it is really a modified bistable circuit. 
However, I feel the Schmidt trigger which wiil 
produce a uniform voltage level out as lorfg as 
the input voltage is above a certain level is 
just another of the wonders of electronics. The 
"students here. use different input voltages. The 
use of a function generator here would be ex- 
' tfemelydfelpful.. * r f 

The next experiment uses a triac control 
' circuit which is essentially a lamp dimner or 
^ motor speed control. The student in this ex- 
periment is asked to monitor the output voltage 
^^as^the variable resistance is run 'through the 
t rangej ^Tlje concept that this*circuit is cc;d- 
/ trolled by an RC time cir.cuit is ■ introduced. 
* One might a^o like to introduce effective and 
RMS voitages with this type of device. This 
device works very well for the driving source 
c ..for the Schmidt trigger circuit. 

„ The time delay relay is another circuit 
that utilizes the RC time idea and also brings 
in .relay control. By using a small power supply 
we are able to .control 110-Volts A-C through a 
light bulb load. The student varies the time by 

r 

varying the size of the resistor in the base 
— circuit of a transistor. s ! 

The same'circuit used in experiment 26 is. 
used again in No. 27 only a photocell with an 

» additional amplifier is. used' ahead of the relay 

« 

^current to show the techniques of the light 
^sensitive relay. The student using a~dimmer-and -~ 
light Shield/ here is able, to monitor the differ- • 
ent intensifies "of lifht by mc/nitoring the co>J- ' 
lector voltage of the first transistor. This 
amplifier^ and photocell combination 1 is used in 
a later experiment with counters. ^ 
' ,JThe <fo ^experiments-on limiteW, drapers- 



and clampers are so similar and self explanatory 
the ^e xperiment is begun by using an AF generator, 
one diode, and aj resistor. The diode, is reversed, 

N theh the parallel circuit is introduced followed, 
by the biased clipper, the negative and posit ;.vey 
clipper and finally the DC restorers or clamping 
circuit. The progression here is merely to sHow 
the different effects the, circuit can nrctf f ijce,j.' * 
All voltages are made and are varied to show / 
different clamping levels. * '] ! 

^ The yast experiment in the series is the 
electronic counter experiment, Thisy experiment 
uses. 4 bistable circuits connected^s a binary 
counter. The inputs used are the/ square wave 
generator and Jthe light sensitive circuit 
mentioned and utilized -in experiment 27.' The- 
fr/quency of fluorescent light is measured In 
binary numbers,. If the student can vis/ualize 
connecting more than four bistable circuits to- 
gether, this reading can be made directly. 

» ■ ' The development. of 'this program Was 
accomplished.^pximaxLU through the effor ts of 
twb secdnd-year students wish guidance from 
the instructional " iff. The experiments*, as 
indicated pre /iously, were cons tructed k around 
wjiat ^as available in our labs at the time., 
A few oV the ^circuits had to be built on 
printed foarcuit cards . Some of the simpler* 
circuits ct>uld be bread-boarded by a lab assis- 
tant in advance, if necessary for the student 
The circuits. aiW work sheets of this type of 
course need not pe ftficy but they^should be 
adcura'te .and cheakea out in. advance by some 
one who is compet/ent. There is nothing more 
frustrating to a s-tfcdent t>aiw^ circuit that 
does. not operate when turned on. * 



/ 




GETTING STARTED WITH 



THE- ItJTRO COURSE 



PROJECT M/. U .tflWIMS AW INTEREST W STUDENT 

'top HIS JOB OPPORTUNITIES 
♦ .A* student questionnaire as used at Parkland 
College, Champaign, Illinois is r of- sufficient 
value in establishing student-staff relationships 
to reproduce here. • ._ 



'What do you expect to do after ,finish- 



:pect to do after 
' ing at Parkland College? \ 
a.* Work as . an electrician wiring 
houses 



Th& Stadoxt Quz&tionncuAt in Beginning j-^cctrtoiytca* 
, Listed below are some questions "which woulcf 

oe^helpful to the. Electronics Techno logy ""Depart- 

% " \ ^ •..'/' 

•ment -at Parkland College. By answering these t 

. questions we at Parkland College will/ be better. / 

- . ' . * f / 

able to h elp /you meet your goals. The way you j 
answer these- questions will •in no \Jay affect ** j . 
your grades and all answers 'wi'ljl bejconfldentiajj. 
This-questionnaire can>,be of the most b enefj , 
you if your answers. *are Completely/ honest . 

e Tetter of 'the answer tfhat best 
applies, to-ybu iK the space^at the left, or 
write, in your own answer' if those listed do not 
apply. If ttfo answer5*;apj>iy equakly w&U,both 
maybe indicated!. r \ 



. 4. 




v5. 



_!.* "How did you ^'earn about the .electronics 
• technology program at Rarkland College 

a. Throujgh my high school counsel orr 

b. Through my high school math or 
science teacher"^' 

\ c. Through the newspaper ^ m 
I .d. Through a friend • * 

) Other I 



21^ Wher.e did ybu Hve. during the greater 
portion. of the last five years? »** 
. a. In the. *city limits of »Champaign- / 



^Urban* — " J . 

b". In a near-by city 

c . ,0n" a farm 

d. In the country but not s on a farm 
Other 



b. Repair radio and television sets 
*c. Design electronic equipment 

d. Work with 'electronic equipment\. 
• for a larg(j ( coirpany * ■ 

e. I do not kripw 
Other * 



What experience 1 or -courses have, you" .] 
had.iri electronics? 
a". None 

b. - Built seme kits pr other projects 1 

c. Worked as ah J electronics technician! 

for industry 1 
• r 

d. Worked as an electronics technician 
in the military, 

^ther 

Why are you" Choosing the electronics 
technoV*»gy program? . | 

a. I believe "this program will result 
in a* good-paying job 
. have an interest* -in electronics 
I have no special reason but I 
must do something 



b. 
c. 

Othei 



V 



J>. What do you think might be your 



greatest hindrance to successfully 
completing .this program at Parkland?f 
il Lack of interest in the subject 
material , * 

b. Lack of enough money li* t i 

c. No good place to study at home ^ 

d. - Not able to do the work j. 
Other )_J_ / 



What is the attitude of your parents ' 
^toward tj/e program you are entering at 
/Parkland College? 

a, Th;6y aVe pleased with the program 
am entering • 

ey are neither for nor against my 

- ■ * * 

taking this program , ^ 

They ,know_very little about the _ 
program I am entering 
ther . » \ * 



What is your attitude toward attending 
college? # 

I expect graduate from a four-^ 
year college or university 

b. *1 expect to graduate f^piir Park land 

c. ^-1 am not sure, about whlt/l want to 

: . /I 

Other , 1 . 



Who 1 decided that you would enter this 
program at Parkland College? 





lid with my counsclp^s advice 

i > ■ ■ i 

c. , did wi^th my" parents' advice 

d. One or both parents decided for me 

e. My { counselor decided for* me 
Other m ' • j 



10. 



Whiit is your present pecupationaj Status? 

a. ' I am working fulli ^ime 

b. ; I aj& working part time / , 

ev — am-unemploycd .' ■ — 

d. •. I /am a full-time student 
Othc 



JOB OPPORTUNITIES 

t>iscuss with the students the rolcof, 
technicians, their classifications j*nd their, 
job opportunities. Show, or promise to shjw 
at a later, time, some industry films (if • 1 
available) appropriate for electronic tech- 
nicians. The following outline suggests 
topI^S-for these discussions, 
*&, ( Engineering Manpower Team , 
1, 



/ 



11.' If you are employed, please answer the 
following two questions 



here arc you employed? 



What type .of work do you do? 



Scientist 

2 . Engine er, , * 

3. . Engineering Technician ■ 

4. Industrial Technician .. j 1 
•5. Skilled Labor 

6. No'n^ski lied Labor 
The Engineering Technician's Role and 
the Role of Industrial Technician 
1. Differences in Emphasis in Training 
a. Math 

b". Science < 
c. Formal Analysis . / ' 
d^ Design / 
e^ "Triuble Shooting / " , 



Repair and 
/Differences in 



a. Cognitive -\ 



Fabrication 

/ , 




Job Types — **" 
s-Manipulative/Skills 
b r~ Crafts 'Ori^nted-vsZ-Engineering 
Oriented* 

c. ' Job Opportunities and Salaries — ' 
3. Role of Engine(Ting>Fechriician 

a. t F.ngineerjn<j Support ^« 

b. Engineering Aide 

c. Service Engineering 0 

d. Sftlcs Engineering r 

e. Ocsign Support , t 
'4. Role of Industrial Technician / 

a". Repair and Maintenance 7 Technician 
Jb. Foreman 
c. Testing and Technician * • 
,/ d. Quality Control and" Inspection, 

/ e. Prototype Technician 

C Places of Employment ' * * 



I. Aerospace Industries- (NASA) 



f . % (End_of-Qucstionnaire) 



2. Military Contactors 



L 



3. ^ -Computer Manufactures 
4*; Communications Equipment 
5*i Home 1 Entertainment Industry 
..(L. In dus t r i a i Con t ro 1 



7; Government Service 

. Automated Production 
9. telephone Companies 
, _ 10i Railroads and Transportation 

PROJECT M. 2: VESCRlPTlOk OF THE COURSE 
; ( CLASSROOM) 

'NOTE: .These projects, by the number, are not to 
/Bp: interpreted as. day-by-day assignments. 
- *- »^pme projects may take less tha'n a day 
* ' while.. others may take. more. Do not rush . 
it, especially in th*e beginning. On the 
, other hand, the ins true tor, should hot ibe,- 
,.>come \i oo concerned- about .100% performance 
. , / ~in~eve^^ — Keep in mind; - 
>. , always, that this -course is an An&ioduction 

; _ A £0 >Eie.cViotiict> Technology, /it is hot a 

* <Sh ^' • 

conventional type of a first course in 

^electronics. 

v fFptiowing areysome- of the points that might 

^e^made concerning the content and philosophy' Of 

jthe^course: ^ 

,a;- We are concerned about electronic sys- 

. . - * Y terns : and what they will da. v . .... 

. " +b . yTo get started, we need* to learn how. , 

\to ^us|| the' instruments available* to us 



xn^the laboratory, 
cj -We\need -to become familiar with some <3f 
/ the A^ardware* that we frill use in the 
laboratory;' . . - - 

*d.-* *Ke:heed to become familiarlwith the . 
■ta/iguagc 05 clzcteqtuc* \^ ou will be 

.J .given a glossary of terms .from time 

* " S 
v . *:to-time as appropriate for the day. 
_ • * ♦ ** V- 

. JCeep these in your notebook -for later 

_ -references'. 'Become familiar\with these 
.terms _as ^quickly as possible Iso that 
,you^can begin to us"e them: • .1 

jX^-- Jfe .wi.l 1 be making measurements and some 
calculations but the mathematics 

\ 



olved will be kept at a minimum 
. so we can concentrate more on # the • 
purpose of Electronics. 

f. Schematic circuit diagrams /are * 
' employed as a major means of 

* 'communication regarding any particular 

system , or circuit. We need to, learn 
how to read th^se diagrams, not :iiv_ 
everydetail in this, course*, but/ - 
more in terms of the larger blocks. 

g. - All electronic systems are ;made up - 

* of basic parts, or building blocks, ^ 
such as amplifiei^, fi Iters oscillat- 
ors, rectifiers, sweep circuits *#rid: . 
others^ These »are functional.,, or, l u 
signal processing blocks. We will 

* hot become too involved- with the " 
internal parts (transistors, capaci.T 
tors,, resistors, etc.) of these 



; functional blocks. - We wnr^ecome " 

^ sqiw«Wt'-^apiiiar with these parts. 

"More thorough and detailed studies-' 

of discrete components are -reserved - 

for other courses of the curriculum. 

h. There are certain* concepts that wiTl 
• * .• 

be included in our. studies here. 

^ 11 • 
Some of the more important concepts 

relate to knowing about voltage?. 
" current, resistance, ^frequency, /gain 
attenuation; feedback and waveforms * 
just to list a £ew. To know all , 
about these* concepts can, for some 
of them, lead to rather extensive 
arid derailed studies. Again, such 
detailed studies .as might be required: 
are reserved for other courses. Here, 
ve~ on 1 y wj sh \to~ge trv~x t a r Jt in be- 
coming familiar with certain concepts 
tliat will be of "great value In our • 
continuing education in electronics.* 

PROJECT WO. 3: LABORATORY ORIENT ATlQti . ' m 

Orientation to laboratory equipment and 
•facilities starts in the first laboratory 



'sie]5>ion\ nrK<gt>' following*- oulflipe is suggestive of 
•the activities^ * 

-K, tour of labs v 

• '--*-'» * ^ • « 

a. Discussion of equipment ineach' 
b; General rules pf housekeeping 
II w ^sic/Lab - 

*a;. Equipment at each station 

i r v :0s ci 11 os cope - i 

' #ti • 4; Function generator 
* H.V. power supply 
4V L;V, power supply * k ' ^ 

/' 6, fVOM, # 
ib... ^Breadboarding facilities* in- drawers- • 
~ f VI. ^Board' 

21 Mounted, components " ** 
• , . 3;, -Leads 
. c\ cOsjclllj os cop£ • i nt r pduc t ion (demons t rat i 0 n ) 
1 ;r^;Mainframe j aiid*contrdls v • m ^ 

. kl . '.switch * "■» . ^ 

b v scale illumination : . * 

*- . _l „ c± _ in ten s i ty 

,u, focus 
2^ -Vertical and controls , 

7 -b> volts/divis.iori • 

'£-. mode switch ■ . 



'calibrated , position 
3;- Horizontal antL controls 
a?. . position 
-b. time/division 
c, mode' 

d;, .calibrated position 

jDscillqscope orientation (Handout .of 

'^glossary- of terms)" 

T. 'Students at each station locate 

controls \ ' — * 

. 2.. Students *list- terminology 

3; Students fcurn down intensity 
■* - \ 

*4> , -Power on 
*5,. Intensity up 1/2 
6, -Locate- traces, „ *. 
.7; Position traces 



PROJECT W0« 4: * 1/flLTAGE; , fciASSROOM ) 

At this point, and '^especially for the - ' 
INTRO course, it is important *to concentrate" 
^ on t voltage and voltage waveforms. Do not 
talk about, current; Jhere is a definite 
"hang-up" toTSpnsider, current before* voltage 
, simply b^ause this -would tend to require many 
other cpncepts, : sujbh as Ohms law, resistance^ 
closed circuits and sources-. Stay with, volt- 
age and the terminology* associated with wave- 
forms,, or .voltages as a function o,f~time;. 
3n a related laboratory activity,- the'jgtu***' . 
dent will have the opportunity to observe ""«. 
and stildy a number of waveforms on. the - 
'oscilloscope, - ' 
Notes: *■ * K * 

l; :See next -page. for table of contents , 
for Project No, 4, ' 
t a 2v Q^page 83 is a. glossary of ternfs. 
as prepared by a student in the 
INTRO -course, • * 

3. Pages'84 and 8? are student-prepared- 
material on waveforms fSf Project "NdT"5r 



t: «V" 



II. 



Ill: 



-Reviewr of ^introductory." materials 
a. Voltage as a fprce--E.M.F. ^ 
~b|; 'Potentiai difference 
'C: Resulting from imbalance in charge (q) 
Excess and deficiency of 
.electrons 
2.. Electro-static, field 
" , 3 .: Units - "volt 
4; -E, e, V, m v 

5; ^Double subscript* notation 
„ 6. Graphing voltagervs-time 
^Voltage as a constant -force (hoh-time- 

Varjting): • . * , ~* 
a. ' DC • , 

_b; Cells arid batteries^ power .supplies ' 
,c. Polarity fc* ' 

Epsitiye . 

-Negative 

.Voltagela^ force (time-varying) 

4"ay ^Npn- repetitive 4 «- 

l. : 'step,(At*t = 0, At t = tj) 

2 V /.ramp- (slope) 
"bi ^Repetitiije (periodic) waveforms 



i'. rectangular 



a." 
cr 
e. 



_3 7 .r 



'4; 



square; wave ,1 
.pulses ; 

amplitude (height, t magnitude) 

period - pulse -width 

* ./ J 
pulse-rate-ffequehcy 

* (repetition rate) 

f. ' period-^ys^P.RiF. 

g. sources of rectangular wave- 
forms * 

triangular i 

a. triangular 

b. sawtooth 

c. sources, of triangular waveforms 
Exponential' wave form 

a, original voltage 

b. asymptotic voltage 

-er. resulting from special circuits 
Sihtisoidal wave form (sine wave) 
a.. - shape and polarity reversal ' 

}b; relationship to circle 
(generation) 



d. 



importance of usage arid; 
applications 4 

ft i* 

amplitude* 



(1) 



Peak (E^)- 



(2) Peak-to^peak n 
e*. period " r* " - 

f ; .frequency . \ 
. g. periqd-vsf frequency (T=^j / 

h. 8 on horizontal axis 

i. w on horizontal axis 

j>. general expression for ; 

sinusoid ; * • 

k.v— w-aS-2n?.*E'- % z 1'^ . 

1;.* phase 

m. t effective value ( .707 *EM): 
n. average value (; 63 6^*EM) 

5 . a 1 1 e r ed' s inus qidal wav e f orms . * v 

a. ha if Wave 

b. full wave , t ,,^ 
c A-M> /' 

d. -ErM . , / ' ' ! * 

6. metric unitsj - . . 



a. 


mega - 


io 6 : 


b. 


kiib 


10 3 


c. 


mi Hi 


- IO" 3 


d. 


micro 


- IO' 6 


e. 


nano - 


io- 9 


£, 


pi co - 


IO" 1 * 



IV. Voltage sources 

a. Generators * * \ 

b. Transducers (energy conversion) 

L sound (microphones arid speakers) 
light (photocell and bulb) 
heat (thermo couple and heating 
element) . 
chemical (cell and plating) 
mechanical (piezo-electric arid 
solenoid) 
Power supplies 



2. 
3. 

4. 

s7 



Note to : Student: The following list of terms is a/list of the new words that we encounter , 
in our study, of voltage. # You are to complete it, the;.jpest you can,, before we ieave our study 
of voltage and jkee^-it in-. your notebook for inspectioAv later. You will" undoubtedly need to add 
others' as we proceed . \ . % > . * . . 

gAgft^^ * few X.e .... ^qo/^ 



Student 



X 



Amplltud e;M c:-;^wf of ~ 

~ xSk H) &JFoj*<^ - - - 

. Amp lit lid e Modu 1 at i on * ( A-M) „ 



College 

Omega (a>) teTT&fr 



Date 



Peak 



-Average Valu e. aL fl;l26~fe*A / Peak- to -Peak £4 Cj GUT », <>? 



S 1 op e fel^E MoKAdg 

pen .um<t _j^£jA ~,&V T 

UT tCrUT posxH i/g . Sources ■ t> t >i ic&S . -fX AT 



Square Wav e >[ f71 ,; i 



"Batter y if fro 6 d c.E ^ ilr Cjg CT I b Perio d MC,-yd fc>fc c»ME; Step_o 



fejj jg|fe&^^ 1 Photo Cell <f 6N >fei^^:^VfcU Tr Time-Varying , jjl/^Ui C oV$l* UT 



E m ; F; . E uicf Mot - 



Elect f 6-fS tatic , Fie I d .»A^ 



polarity . .DlPf £ke>*c-E 

Positiv e A OECICEMcY 
&9 felEC Tg^US: 



Thefmqcouple^ 
ugir —TO" 



thet a ;pHA^£.7^^GL^, 



transduce r kJ>l;V <c » 
Volt ^iu. i toV. gottX E of 



' Energy Conversio n.;^ g AM50oi£ffi ^ Power Supply , ,A<: 



Potential Difference ^ M 

Voltage , '^MVT-^f 



Exponentia ls Ui AuCTo^ 

jC 1 J— * """" ' 



/ 



Piils e . g^ 'iF^^ 



Waveforms ^o^K 



Frequenc y ,fcYctg5-f£i 5fe M<5 Pulse Height JAa\P I JjyktL 



Frequency Mqdii 1 at ion (F . M . ) 
Full Waye vV Pc\pg6^joP . 



Generator vA "^tO\CE- Vsfeb 
.Haif^ave ^UxPHb- _M£^ ' , 



Pu Is e . Rate Freq _* . MoA<ggig 

1 * L Po l s < b : f£ff sec. 

Pulse Width . iXme: fog r 



ave- 

E max f Mjd vj Aco g 



Q, q CU AfeGfe 



Kil o 1^ Qbc^ V6 3 
Mega [ f 0em^mS ^ jQ 



Micr o, ,ooaoo j 



iec A.c. : 



Ram p R\$g „1 M,A}ocr^c>&. 



Milli_ 
Nano 



Phase 



Microphone ^f.Q A MSJ&OCt^. Repetitive A VOA\)g: T^R^N . Sinusoidal^ 



^^AX)c>g^^ S^oM^^AVigS lo giE cr TW4T RfePC ATS <t6gtT 



Negativ e.^ jo^9LQ6 

Non-repetitive , u A oE r&ft^A 
Dels mHT^ R CT AT 



Sawtooth . E F~o&/A 

Sine Wave _U_A'v>E 



=*.\ 



ERIC 



\ 

83 



Solonoi d ^IftAVAa^ocfcft. 
Degre e 3Uo* Peg 3/^£ VOAv)E> . 
Periodic REPfcTtTUJH, . 
Asymptotic Value ^Ue AjAtuC ^ 
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;P?0j|Cr#,. 5: -VOLTAGE. AWP TIME ^B^URE^BifS ■ 
' v . ON -THE OSCUWSCOPE (LABO^ATpR/f 
, This laboratory activity is r to fqllowithe 
'lecture* discussion of: vol ts/ time* (waveforms) ,\ 
Project ;No. 4. It is assumed that . the student 
Jias spent ; 6niy:"a.part + 6f ojie previous laboratory 
period^D^coraing familiar With % the oscilloscope. 
} Tills project, is^sti^ctured- for a. laboratory 
that has a cewX^,^^b^o>f system .whereby 
the ins ; true toy , , from one : ioca t i oh ^ can del iy e r 
*ariy. 'des*i^d\wayef orm . tp-al 1 s tat ions . A cent ra 1 
.distrioutjonvsystem^ is fuaii£{/-Aecommetided for 
\electrohics labdratoriesv , j „ "/ '% £ 

rv-yry : ^/ • ^ ; 0 j > \ 

I.: Review^basic cohtfois and function" of each 
: Have -s tud en ts ' 1 o cat e; t fac e f 6 r bo th: 
' chamiels : 1 , and 2 
Adjust intensity v J • 

* Position 
Ml luminat e seal e 
Explain; distribution system sfhd connection 
Ctoi oscilloscope/ _ 
^ll^andoi^ab-#2 ■ 
~~~ " r * " a-r {bistributioh-system. waveforms 

• • . 1; DC + 2 V . 
J - 2> DC - 2V 

; „_ "s.j-dc : + idv 

* 4. iDC 10V - " . 
t . 5. ^DC]+ .5V ' 

V v6.. -PC ~ ,5V - . 

7;% Square wave. 5V 100 HZ \ 
' S\ Square wave 10V 100 HZ 
' J ; V?ry amplitude 

'9'; Squarejwaye IV 100 HZ 
v V 10: ^quareWave 5 V 100 HZ • 
-\ ;\ : 11; Square w&e'£v< 500 HZ 

; *v " /; .. Vary P.Rif. 

*T ;i2. Square wave 5V' 1000 HZ 

> ,1 13. JTr iangu i ar wave f o rm 5 V 

„ 14; Triangular waveform/ 

„ : ' Vary" amplitude 



II. 




0 HZ; 
lOO/HZ 



15;. Triangular waveform IV 100 HZ 

16. Triangular waveform 5 V 100 HZ 

17. Triangular waveform 5V 500 HZ 



18;^ triangular waveform 5V ,1000 HZ 

19; Sine wave 5V \400 #2 ' v ^ * 

20. Sine wave 10V lOOJIZ . ' 

* * * 
Vary amplitude * 

~ 21. Sine wave IV 100 HZ 

'22-. Sine wave-SV 100 HZ , •* 

23. "Sine wave SV 500 HZ - 

Vary F "T^f • „t\ 

24. Sine -wave 5V. 1000** Z 

IV. Discussiohvof lab and results 

NOTE: This project may require more than one 
laboratory se^ion. The above has been; 
dbne^ in two^hdurs . The project »is der 
signed so /that /the\studeht will need. ^ 
to make .minimum ad jiis tments on the * 
scope./ / 

' y / . ■ 

In /the btudent hdiidout,. infp^matidh... 

is prdvided for the specific settings; . 
of all controls for the "particular # ' 
„ scope us^ed^ Provide the students with 
'* graph ; paper and a glossary of terms . > ^ ■ 

?n.a jzci- Ho . , S i Pok thz StuLdmtl : \ \._ . 

\ In this >4ab -sequehcc^iyou wili become- mor e 
familiar with the oscilloscope and its usage; 
I h add i t ibh , f u , r ther f am i 1 i ar iiat ion = wi th 
common wayefdfms Wi*lT result from/cpmpletibn/ 
of tKis^ lab. Time will be i-provided following: * 
this lab for discussion and -revieW" pf^ the 
experiment itself. Your^instructdr Wilt 
distribute several voltage waveforms to your 
station which you will examine ahd^gi^aph from 
the, oscilloscope* observations you make: 

Set the oscilloscope controls and ad r 
"justments according to information provided 
by the- instructor; 

.^Connect the input for pscilloscope cliannel 
#1 (top, pair of; Banana jacks on vertical sec- 
,tion) ...to the black and red jacks "of theUdisr: 
tribution system outlets at your station^. 

There will Be a series of "voltage ^Wave- 
forms presented (one at a time) Jat your star 
tion that you are to observe on-your -oscillo-^ 
scope, and sketch (including magnitude andh time. 
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dimensions), in your notebook. Ther/e will be 2$ 
in all. and you: will be allowed roughly 3-mihutes 
f or "each. ~ 

. As we move, from one voltage waveform to 
another^- you will •heed to . adjust your -scope in* 
dr3er tp be. able to -measure the magnitude and 
period of, the* waveforms . You should 1 adjuAt otittj , 
the vbtt!> /div .control on the vertical^ section 
and Jrimc/div.&ion "on the^horftohtal Use graph 
-paper to :pl/t, >'our oscilloscope patterns:- <, 
youhave any questions^ don't hesitate 
to -consult, witlvyour instructor. 

JROJECt NO. -6« 0SCiLL0SC0?£%P mCU0}i GEN- 



Orator haboworv) 



The' student, until how, has had, limited 
experi ence w i tluthe osc i ll 6s cope whl ch \ have ' beeri- 
^c^reful ly* controlled and. guided; by the ins true - 
tor to^avdid confusion.. He f has had no more, than; 
two\ previous exposures. He, knpws how to get a 
display .on the/ scope and can read voltages and 
time* for waveforms that have been givenrto him 
under the .control, of the. instructor. ;Now, he 
-needs to^be oh-his own. a little mere. The 
opportunity, sliolild be provided here, usihg the 
function generator "as his source of waveforms. 

ifhijs is.a5.g66d time and. place for audio- 
'tutorial instruction. This is hot difficult to 
. provide.. Suggestions for doing this are provided^ 
Un- a later .chapter. See tabid o& ContatUi, 

^PR<yECpJW v 7: MEASUREMENT^ WITH VOLTMETERS 
" ; V. ; '( LABORATORY) 
■NOTE: ^information^ should be added to "the f 6 Mow- 
ing in accprdahce with instruments used; , 
After completion of the following laboratory 
exercise the, student wil 1 be able^to complete 
the following; 'S 
. a:: Measure- peak- to > peak ; v volt values . y 
o\ Measure" peak volt :alues 
_c . ftp ad r-m - s va 1 u e f r om vo 1 tmejte r 
connected in a circuit 
^ d. .Determine r-m-s values from oscilloscope 



values 



:in, prey i5w<lKcperi men ts you were giv^rt the 
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opportunity to work with an bscilioscope as a. 

device, for-observing and. measuring a waveform; 

in* this experiment you will -be* exposed to^usihg. 

a voltmeter for measuring the same sinusoidal ; 

'signal you measured with the scope. ^ .* 

You will be; exposed to terminology ,as \^ 

peak-to-peak values, ^peak values root^meah- 

square, and effective values. , 

,Set the function generator as instructed; 

Ad j i us t th e .sedpe to obserye the si gh a 1 as '' 

you did beforeT^ Measure the amplitude of the 

signal. This amprftude^of this signal is' also * 

caUed the -peakTto-peak value. One* half of - 

this signal is called, .the peak value. Record/ * 

this value on your data sheet. 

, Set the voltmeter , as instructed. 

Connect' output, from function generator to- 

voltmeter as, instructed., 

Observe and record the value 1 obtained from 

the voltmeter; This valtie is called the root- 

mean-squafe voltage of Jhe Sinusoidal signal.. „ \ ( 

Caution must be exercispd' when switch ing*. 

ranges to* prevent exceeding- the limits^ofL the 

me t e r . A jg pod " . pr a c t : i c.e, i s 1 0 a 1 w ay s, start 

Qh the largest range of the voltmeter when 

uncertain what the exac't voltajge is". c ^ 

Read j li s t the :a tt enu a 1 0 r - c on t f 6 1; oh;th e 

function generator. Carefully read - and- record 

the data. Observe, read; .and record data ^for. 

the. same signal on- the ; scope; Observe^seypfai 

s i gn a 1 s oh t he me t e r an d * os c i 1 1 0 s c ope b e i n g 

careful nbt to,.exceed the range of the, oscillo^ 

. scope. ' ^ : 

The question now arises why the discrepr 

a nc y . i n th e r e ad i n g f f om the ps c i 1 1 os c : ope and' 

the meter. In each set of data collected. 

-divide the meter reading, -by the peak value of 

the signal: obtained* from the scopoL Record 

your results;* . " - -* 

.This value you obtained is the relationship 

that exists" between tlfe peak value of .a.sinus? * 

pidal signal and the voltmeter reading. The 

read i ng ; ob t a i ned. from the ' meter is c a 1 led th e . 

/ Aoot-m&an-AQU&LZ "voltage. y Often, times it is* 
.... i "] "\ % r 
referred to,,as. jtlLe^i^C^wc^vallie, ^ ^ . 



a7 



ERLC 



, %Time|p^raitting, make 1 additipnal measurer 
- ! ments lot &eV signals produced by the function 4 
^generator.. Pot example^ vary the frequency of 
the- signai^nd : complete -above *ca 1 dilations . , 

M03BCW0. -ft VOLTAGE MWr CURRENT MEASUREMENTS 

. . / trains * 

Circuits 6€ instructors 1 choosing, primarily 
'resistive "type ^circuits- with d r c sources; xa: 
be used- for ^making current Measurements, as well 
. * as -yo It age * meas uremeri •is . One or two. 1 abpra 1 6ry 
sessions for this; * 

PROJECTS Iri COHCLtfflE Itmr PHASE OF COURSE 
;In<this-tftrst phase; of. the INTRO course,. 
- xoncent rat ions -has beenon waveforms, voltages, 
* \>and'-xur rent sWa long j with the use of certain iristru- 
merits , primari ly the psci 1 loscope . With this 
^procedure , ^ t he : s t uden t b ecomes f ami 1 i a r with 
much of |the language, of electronics . 

v The studies and laboratory, experiences c& 
the \firjs t.f has e^are a prerequisite:' to the. second 
■phase -pm systems i and .circuits. The remaining 
.projects, are, samples and suggestions of systems, 
.that ihight be included; 

PWJECT IWTROPUCtlOW TO 'ELECTRON} 
I SYSTEMS ICLASSROOMh. 
' Show th e ~ s t uderit s a cb 1 or : t e fevi s ion,, , Look 
, at it ahd.a'sk ; them what it, is ^nc^what it does. 
Ask them: to look at the var ious : parts -and let: 
^them^help ^ identify and ;exp lain what they do; 
Point out that ^each^ part does something to make 
~ it valuable ^fo^e^pJg^)^ta.> Itzhas a func- 
tion which* is ^sentiai to the operation of the 
system>- *TTie-funcHons of ail of the parts add 
Mp to - produce .the f line tion~of ,th e ent i re system . 

Where is the action of the system? It is 
; inside the^circuit. We can't see it because it 
N is inside the moiecu'les of the circuit elements. 
,Vpu can't; see: any of the action, but you can see 
" - the results of the action. In lany electrical 
c i rcui t , the - : on ly th i ngs >- wh i ch . w e can obs erv e 
afe^oltage^-Xuixent and their effects (heat. 



The only may- we know what the function 
of any circuit is»4s to- study its effect on 

the voltages arid currents involved (the signal). 

r • k " - ] - - -* 

The, iriputfvsrthe output 









Signal in" 


. Circuit Function 


; Signal-out 



\ JWe can telL tlve-circuit does 'by look- 



ing at the input/output sigrials . . This is; a 
large .part^of the study of electronics; Hklf' - 
of understanding a circuit is knowing wjvgit It 
does. With ^this-:lnfoz^tion^we'Can understand, 
even design r vritx ve systems : using ; the circuits 
as building blocks; >s \ 
The other half -of understanding, the- cir^ 
cuit is to kndw^oto it performs; its function 
To know how^ie circuit works , vfe must under 



\ 



stan^fm happens j inside the circuit .. It 
does no good to just look at the - outside of 



/ 



the circuit itself--we i must draw a: ^dncX^nat 
picture of the circuit. This functional * 
pi c t ur e. i s * known as - a - 4 chdnaX^c.- (fagMm • * It r 
is a mathei^ticaljrhodel of the circuit. « Each 
symbol of th^ schematic represents the/ basic v * 
function of •the symbol in the schematic; thus, we 
can -understand the. bpefatipn of the component., 
The schematic: is a composite drawing of the _ 
operations of the components. 



light, /mptipri, etc;). 



WOi 9i THE POWER SUPPLY SYSTEM 
^ GtneAaZ . VeA duptipn : 

The: e lectrohic power supply has one -pur? 
pose* to receive the alternating current frpm^ 
' the iine, process it, and distribute the/ various' 
power levels to the electronic circuits which 
use them. .Since electronic circuits generally 
operate ori direct current and idwef level AC 
arid the power lines have alterriatmg current, # 
a ^orm of pfocessirig must take place ;°*' This * 
process may be likened to a system whose in- c > 
put is alterriating current and whose output is 
direct current at various levels, as -well as, 
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^al4t«fnating current at various Revels, as 
illustrated 'By Fig. 1: 





i Power 
» Supply # , 




AC Input 
















Fig. .1, 



DC Voltages 
ACVoltages, 



V 



. This power supply may be broken down to 
additional blocks its shown. in Fig- - \scc 
, bo.ttpra of page) ♦ 

« i Fig. 3 might well be a pictorial diagram 
of the entire -circuit and Fig; 4 a schematic 
" d i agram of th e en t i re- c i rcu it., 

The. T>um6 6s5?«c/^'_(T^)"" as shown in Fig; 2 
has as its function 6f stepping down of the AC 
-input ^signal v (How "this is accomplished is no't 
ifipprtaht ;aV this point:): \ 1 - 

TfiC;Rc^5ie^:has the responsibility of 
; changing; the alternating current from the trans- 
former secondary ;to a pulsating DC (a direct 
current .that may have a change, in magnitude but 
v does not change ^plarit^) . the rectifier may 
' be of s evera 1 r di f f eren t- types . Advanced courses 
will' reveal the names and details of the way 
•these circuits operate. For purposes of 
* fami . 1 iarization on ly two basic types . wi 1 l\be 
^disciissedv ' 




Th<L fiiltQA (fj): will^receiye the pulsating — - 
D-C at itfs input terminals and lower the high 
spots and frll in the low spots to produce; a r * 
fairly' purV D-C. ^How-well the filter does its *\< 
job is a figure, of merit for ta power\supply * \ 
' called rUpptt factor?,, in the ' laboratory we^wili . 
observe the Iripple; however, no attempt will, 
be made to measure its ma^lctadc ? # The load; * 
or bleeder, resistor (R^). as; shown in: fig*. 2 is 
th e ou tpu t of the ppw e r supp ly . I n a prac t i ca 1 * 
application the load would consist of power 
consuming circuits. In our poweij, supply, the a * 
load is replaced^ by a bleeder resistor to* serve, 
as a -vottagt diyid&i and as a safety feature. 

-The procedures -which should be followed , i 
i n t h is _5 i t ua t i on wi 1 1 depend upon' th e hardware ■ # ' ' 
available Or constructed for this particular, 
exfce* i eiic e ; Thfc s tuden it will obs erve oh^th e „\ 
oscilloscope the t various levels of AC voltage 
ava i 1 ab 1 e a t* th e t rahs f o rme r t erm i nal s v He 

" W i li 'observe, f u 1 1 - wave, .arid : h^ If -wave ; f ecjt if i- . - 
cation, v the. purpose of filters of different 
types and, the results of adding loads- to .the 

"supply., ^ z. ' ' 

. tOne way that this may be- accomplished ;is 
By fusing a .prewired circuit-where the terminals 
are readi ly" access ibje .^ The dps i rable" way. o f ^ 
showing the^difference between f li 1 1- wave, and ± t 
halfrw^ve is -to have alswitch, in series wlth^ 
one. diode so that the system can ;be switched: , ^ * 
from one type back to the other quite readily. Ip; 
this way th e s tudeh t c an eas i ly go in to - e i their. 

^system without fear of injury or electrical " « # 
shock. • ■ ' 
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2 F£W#t6-of >seve*ral different types may be 



Inserted^ into the power supply; however, the 
signal filte£ capacitor and lts v ripple problem 
makes ;a_ great .place ^to.start. lt*is generally 

, desirable, to have a .current meter ijj series, With, 
the load so we may observe the current the-supgly 
isdeiivering to k&e load. ^ \ 

. Loads - can be:- of varying designs ; however, 
: i shou Id ; be. ,c ont i nuous ly variab le> over a f a i r 1 y 
wide * range * .* *' v \ 

• CauuUon;- a means of discharging all filters 

^must "be provided: A suggestion might b£ o 
shorting: switch- located 30 thfe. filter cannot be 
removed? without it being discharged i this may 

- ; ,seem e icnent ary, .to the experienced, ; teacher but * 
i|; frequently overlo6ke(k• - . \ 

■ ;WWEC?"Np. 10: fiOSJ^ 

"Laboratory experiences » with = a num^ / i 

basic ^circuits are Suggested here , for most of 
» the^reniainingi' time for the course. Refer to 

Report No. -2*of -this, chapter for suggestions/ * 
;~and^gui_dance^ *. „„ ■ ' 



'PROJECT NO* II: RESISTANCE, CAPACITANCE AND 

Measurements of resistance, capacitance 
and inductance are suggested here. Do-hot get 
too involved in^the concepts of these elements. 
One or. two. laboratory sessions are sufficient, 
suppoftjpd'by classroom discussion; * 

PROJECT HO . 12: TROUBLE-SHOOTING TECHNIQUES 
The instructor and. students should^ be , 
conscious di^'trodble-shooting ,tefchrii<{Ues . 
throughout &c course. ThisVmight be "a gopd . 
time to concentrate qn this- problem.* - 



V 



TEACHINQ PROBLEMS FOR INTRO COURSE . 



% 'There, are certain caching problems associat- 
ed With an INTRO course that need to be avoided; 
These- problems probably exist because of the in- 
herent Jdifficulty of getting, away from conven- 
tional techniques and conventional sequencing, of 
.topics. The concept of the invvUld pynamid is . 
import an t . Some *. o f »th e - more impor t ah t t each i ng 
problems are, now briefly summarized. 

sruvvMcgm :\fM^^urfifAlriv# 

/The ihstnicTOry iu. deciding thajt jthe intro r 
duct ion course is Mickey Mouse, tends to add* 
- r quantitative- material; The student should be 
'givehjan exposure to the *rest*of the - curriculum 
w i thout exces s i ye, quant i ta£ iy e f t udi cs; dur irig 
the iNTfaT course. The early\intr6ductioh of 
quantitative, studies merely a moves Resistive % \ _ 
Circuits to the first ^term and completely tci^ 
moVes the INTRO .course from the curriculum^ When 
consider ing.jsircuit components, do not involve . 
models and .-v/a -'propertied of v components • 

- Iii$TRUC^ THE : COURSE . f , 

vlhe staff-' nust-be^'sold" on^he INTRO co'urse.. 
The instructor" who feels that* this is a course 
used to A^cn till t&dzn&l «rfie^&. until t\\e 
math catches up does not really understand the 
philosophy* of- the I.NTRO course/ Much of the 
foundation for future 'studies can be learned in 
these, studies if the instructor is able to 
visualize the entire Electronic Technology field. 



JLLrPREPAREV-iMTERlALS , , ' 

^ The staff who attempts the |r,troducti.on xpurse 

by utilizing existing- experiments wilKcertainly 

- bog down, -The INTRO course, does not aMow for 

■ - * J- ' * * * ' * 
^experiments but twAning zxpz>uto\<izt>> We 

not trying; ac this, point to prove anything,- just 

expose; Most\existing Lab --ttdwalf arc written 

with the objectives of verifying some previously 

^tudied^pheiiomcna, This^will net Le the case in 



-Introduction to ElectVfrnics Technology. 



* 300 liilCH CLASSROOM &T0RT - * - 

/The studies of the INTRO course should be 
primarily in ilxt labghatotoj. This does not 
imply that some classroom wojrk is not necessary, * 
ghe student is- given, ^n this course, a HawU*^ . 
On, type experience, which will' benefit through- 
out his entire life, ^Since' one of the prime 
Te^asons for the INTRO. course is the motivation of 
the student to further studies, the laboratory,, ^ 
with i tsv fascinating instruments , ys a natiiraj 
learning Venter," 

TOO MUCH TIME- x SPEfff * ~ ' . r 

The instructor who. has too much time for 
INTRO or who takes too much time Yinds he'has 
either short-changed 'the student by wasting 
his tima or has confused- the student ;by = "attcmj)tr 
ihg to cover too much Tnateria^,- % . 



•THE ! PROJECT ;P0MI WATES / , 

• 'Some INTRO proposals .which have' been 
presented in the past include a project def 
signed to introduce the. student tp a»variety 
of topics including: soldering, wiring from ■-' 
schematic, system analysis,- etc. the^use 
of a project is not to be discouraged. How-, 
ever,, the emphasis of the. project should be 
controlled to the point that it continues to , 
meet the aims and -goals of the course. M^ny* 
times the project becomes the ultimate end 
of, the course rather than a means of conveying 
•cohebpts o.r topics of the^curricururai 

THE APPROACH £tfQ&ES TOO VET Al LEV 

The objective of the course* is to show 
the H Big Picture", Therefore, the emphasis 
..is on systems and the building blocks that 
wake up that system. At all costs, avotdj^ 
the inclusion of too much detail. The student 
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should be prepared to u$e a meter, hot design one. 

^tii i iWxmms'Mmkfi fHE course^ [' 

^ /^^emphgsis of the Course i§° to motivate, 
^sjvjv^lfe/Rtg, Picture of electronics f and; t&^ihr 
ttrdduce. concepts i. The course roust avoid an 
emphasis onypne area of concentration- It is 
very easy * ; to introduce the student to sophist i ■ 
cated ^instruments and give 'Jiim a vague idea of 
what . is \ go i rig on i , but^ w i 1 1 'h e x ^a 1 ly/ under* t and 
what a "spectrum analy^er^ does at 1th i$ point 
/for instance; Trie 'instruments that "should be 
■used for this study are \the fcasic instruments: 
Oscilloscopes, signal sources, analog met^rs,^ | 
arid, power sources. These ins trtunerfTs^prus 
possibre demons* t rations on more sophisticated 



ihs|^rumentiatiori Is sufficient to acquaint. the. v 
student to the- B^ P^ciiue without the*" sttiieiit ' \ 

* joij f usjng^ iLijs e lf w ith iris t rwent at i oh <he jean ? t 
uhderstancLor; Appreciate in .these ear/iy^ learning 

k expeg fences ;. _ ^ ^ 

TOO MICH EMPHASIS Qti> HARWARE _ m . 

it is very easy at .this- point to over .empha- 
size hardware a nd by th i s - oy er-<emphas is { fa i 1 to 

* familiarize the student with the lanQuagi-of the. 
field, the student is abie, atoihis- point, to. 
absorb, and digest a tremendous amount of general 
knowledge^ which will help acquaint nim with. 
Electronics Technology. ^The; know ledge\ the stu- 

dent gains/ now will oftly make, his study of 

" ■ ; , ./:..?*** ' \ 

future circuits .and* electronics courses easier. 
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CHAPTER 4 
CIRCUI T ANALYSIS SEQUENCE 



The thAe^mpK cg_tvti&& >o{ cbiovJA analysis [Resistive 
r JUJiQuit£ <Mcui£s and HetwoKks ) aAepKe- 

■^sentedbin this chapWii \ 

the material of the ^diaptcA mil have, gji&vt&i tigtelicance 
j 9 v^Oe^eA by Kegahding : ike isubject of cUaiit analysis 06 a , 
/ \6^g£e :pacfeage. hathesi thm,ai iiviee senate covJusis. the ap- 

,pKpaoM& to getting stahted.:^ith mdjph; topics^ along with the , 
k aequenc&tg and gKoaplng^ suggested, ate most wpoxXarit. Special 
dttejntlon should be diketied to the ^Jjisi iwg coatees AJi ihn 
aeqtxence [Resistive CiAOi^ ari^ course (Wet- 

wnics) *iepnesevtts a moM conventional t/ieaiment of topics In coi- 
cwit analysis. 
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RESISTIVE . piRGUlf S r (circuits I) 



i_' y ... 

TheTsubject of RteiAtivt Ccacacts is a study 
and analysis of circuits -wljere al 1 passive ele- 
ments aire; resistances and the active elements 
(voltage and/or current sources) are/waveforms of 
any/ kind? ' i . * " , . 

^^m.coHCEm: , - * ; 

electri ca 1 . quant i t ies 1% and>ott circuit ■ - 
responses are derived ,and jc^be^ exjfressed - as 
functions, pf^instantaneous values of voltages" - 
and/or currents/ this fact dictates the .import- 
" ajice of -'treating' 'a 1 1, sources as functions of 
time, either rmathemat ical ly or graphical ly . This 
also means that a first course iti circuits muAt 
not ^ restricted to D-C sources onry. The-use 
p^any/of thfe waveforms for a source, is tke key 
T that5-esta^llshes the first course in circuits; as 
ca|souhd/ foundation for later --stuuXes . •*»-." 
- , < ;tradi t ioria 1 ly , a f i fs t cours e i n c i rcu i t s 
oftep%nc|udes L?.5 and/ C*su These shoul&\be 
fitted' for "the reas on tha t . .the analysis of c i*fr 
%cuits .Incorporating ;L?s and/or C*s requires .at 
least some^khow ledge of calculus. Students will 
not have tfeis mathematical background at the time 
when -the first course in circuits must be offered 
lit ar two-year ; program. 

-I Xiefore starting a detailed study and analy- 
sis -op "hesi stive Cifcui^s^it is- important for 
j|h%stud«ht fb understand that all devices can 
%^<J3:qo 'fiaxe' the pjoperties of resistance:' Care 
sftoiilihbe talcoh that the student does not rest- 
rict his concept of resistance .to that of.a.rer^ 
sistor., r 

Obtaining the concept of resistance through 
jplt^arapefe gf^ph^ is the recommended approach. 
These graphs may be linear or they may be non- 
linear;. ]A. graph may pass 'through ihe M 0-0 M in- 
tercept or xt nay not. 

With ths~ , ^olt-^pere-graph M approach resis- 
tan'cei cafe .stiou^d 1>e taken t^: a study of de- 



„ vices is "not ovec-emphasised- The important 
point is_that a resistive circuit element may 
represent any device, exhibiting the properties 
of res istance » » 

Ohm's law.be.comes a part of the volt- 
arapere graph approach. ♦ j 

BEHMtMl OBJECTIVES >( _ v 

The student upon success fur completion of 
RMi&tive. -COiat6ti will have the ability to: 

a. Evaluate a voltage ahd/br a i\ytT&*£ 
anypart of a resistive, circuit itor^anV 
kind or kinds of waveforms as dViVJing * 
functions; whether these 'driving f anew 
ions are yd It age sources or current. I>~ 
sources. 

b» Simplify the-analysis- of circuits, if 1 
necessary, througH/theMise of Theyehiri^s 
theorem (of Norton^? theorem) * of the?" 
superposition theorem, or as a yoltage- 
divider , or as a ctirrent-div idef f or ;by 
special techniques applicable to par- 
ticular circuits. 

c. Represent solutions graphically as well 
as mathematically . 

d. Appreciate the value of a study of re-" 
sistive circuits and their**use^Mn^ 
-practical systems. 

mREQuisne 

Primarily, the student needs a working 
- -know 1 edge -of-algebra -and -the^b as ic_elementsL*r 
off trigonometry as a prerequisite to a study 

In a six-quarter program^ KeA<t4£tyc CVi- 
cuiU is scheduled for the second term. This 
will permit the student to attain the needed 
proficiency in mathematics in the first term. 
In addition, the "Introduction to Electronics 
Technoiogy 11 course, (strongly recommended as a 



fifst^teTO-course) will provide valuable practi- 
.^9jil^nwledge>b.efore starting Rt&iltlye, tyicuitSi 

* Iri a-fout-semester program, Rteibtive, Cifc- 
- Of^'cshould^be ' schedu 1 ed in the first t erm . 

Thoser institutions that^re on the semester plane 
--Will s ome times h ave a higher entrance requirement 
in -the. area, of ^mathematics than those on the qu- 
arter?pian v -No-' serious problems exist^however, 
if ' thejtppics-of ithe INTRO course and Restive 
. t CcAca£t3 are integrated as needed. Some^specific 
" : suggestions -along ; this line, are presented in 
Giapter a<). qfothis; report. 

- The} 'f low* char t i s pres ented, here to . x 1 lus- 
. trate« the position of ~Ri&jUtiy<t, £JAcu^\in a 
curriculumvrelativ subjects;. 
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RESISTIVE CIRCUITS 
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RESISTIVE — 
ELECTRONICS 



? *I V 5fcf ihitionrdf ^Parameters 

. - AV- ^Graphing of linear functions (Classroom) 
'"/"*. ; |£afjesian coordinates , 

f pt -Time- as a. parameter in these graphs 
. - ,3.V7Cbncept of slope» 
;B* f^the^-vplti-and- voltage' : *( Lab Support) 

! X; Defined as energy for charge' 

. - * " " " " • • 

-* > ; 2. Defined, as a force 

_- ^ -3. Measurement ■* 

C. ,j introduce volts/ time concept (Classroom 

/ f Introduction) 

- — - - — -Ll;— Adapt- cartesian coordinates to 
\ volts/time \ 
"7~r — *2^Emphasi-ze , -writing-of*V£ 

D; The .ampere. and current (Lab* Support) 
Defined as time rate of change in 
charge 

2 .\. Defined as a resultof voltage 

\ applied. 
Si ^Emphasize writing of <l t 
E. Piecewise ^nd Interval Notation 



"II / - Waveforms (Classroom Introduction) 

A, Expressed as function of time n ^ t or 

1, Continuous functions 

2. Interval techniques (repetitive 
functions, - amounts' -to -assign*/* 
irig convenient references of 

t = 0)^ 

8 V The basic waveforms for forcing 

- ■* 
functions \ 

1. Constant, rar^pi sinusoid^ step* 

and exponential (Lab Support) 

. * / * \ r ~ • : * 

2i Recognize and identify each, 
- "* " \ * " * , 

graphically ahdlmathematically 
~ . w " %. 
■ ' (Lab Support) , % ( * * 

,3; Identification ©^significant 

- ' - %- - ' — . _ _\ t 

quantities .for each 

4 . Write equations' for as a 

function of time 

5> 



III. 



Write -equations for any ^combiu 
nation "of two -or »more<6f the 
basic functions in: terms of 
time, t 
Volt-Ampere Relationships ; 
A. Volt- ampere graphs 
1. Linear 

Nori-lihear (Laboratory Intro- 



2i 



4. 

5. 
t 

- 6. 

7; 



duct ion) 

Impdrtanceof slope 



IV_ 



1/R, .interpretation from graphs 
Circuit model for a resistor 
Resistance as E/I . « ** 
Ohm's Law (Rigorous classroom^ 
. . support) 

Concept of Equivalent Resistance, R g 
A.. Vr A graph of resistive networks 
(Lab -Support) 
1. Linear 
1 2. Non-linear ? 
j>3. Combination of linear and n9n- 
linear devices < • 



*:B. e M Q = R (Laboratory support-use 
s • s eq 

ohmmeter to verify) 

C. R for common circuit configuration 

■eq 



d 

:RLC 
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-V 



• (Classroom Introduction), 
^ :1V 'Input resistance i --R , for series 
*\ , parallel and series parallel cir- 

, -cuits; 

Introduction. to circuit terminology 
e <v <T8f; Nodes, junctions, branches 

-b> 'Sources: Independent, dependent 

_ energized *,de- energize^ 

Z\ Identification of common: circuit' 

« con figurations^ (classy bom) 
A\ ^Calculations of -R v >.f or common ^cir- 
v ~?uit configurations ^(series , par • " 

ie.Xj series^ paral IeiyetcOx^ 
5. "Subscript notations for £ and- & 
Ki f chho f f • s Vol t age - and Curren t Law s * 
l(t las s room I htroductiohr Labor atory Support) 
iA^_KiXchhoff \s volt^gil \m: „ _ * \' 

' 2v t Applied to networks' (Corn's law is 

•not used in these studies)' 
** 3>; ideriti f i cation, of . fe f erence % polar i ty * * 
a. Double subscript. notation. 
"B. Kirchhoff's ; current law . 
1; Defined * 
- . * ; Applied to networks (Ohm's iaw is 

.not used ^ in these studies) 
. 3, ■ identification of positive reference 
- current 
r --a, Double subscript notation, 

. ^ . . \'*'bi. Single subscript nocati on 
VI* "Substitution of Ohm's Law Into KVL and KCL 
lE^uat ions (CI as s room - 1 nt roduc t i on-. Lab Support) 
^^R^ferehcing of voltages and currents 
Probiem solving 

1. Replacing a voltage of KVL equation 

' with ±'<iR, selecting the correct sign 
2; Replacing. a current of KCL equation 
with ± v/%, selecting the correct * 



.7U 



r 'use of* f ' 

■fc Voltage-divider-concept^Series- — 

circuits) 

"2,. Current divider concept (Parai lei 
circuit)' '\ ' \ 

VII, Network Equations (Classroom En^hasis) y 

A, ; Writing^network equations 

1, Voltage equations (Unknowns; are 
currents), . * j_ 

w< « a; Loop * equation's • 

k -bv*. Mesh equations " 

2, Current equations (Unknowns^ 
are voltages) 

a. Node equations 

B. Independence: of equations 

1, Identification of necessary 
and* sufficient equations ' 



•Villi 



IX. 



> S1 W ' 
3; Calculation of voltages and currents 

• in r .series, parallel and series para- 
llel circuits (one source) 

4,. Analysis, of single- loop circuits with 

• two sources 



Ci. Develop proficiency of analysis through 
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* a; The ''pna^'^tV^ 

its limitations) 
bV "Wertree-chord' technique^ 
C, Applications and problems 'GTlft*^ * 
advantage of ay ai lab le computers 
and calculators)*- * 
Analysis by Equivalent Circuits* (Cla^sroonO 
A • Superpbs i t i on theorem OLab | S upport) 
,B,; .Mil lmanls. theorem , / « " V . 

C. «Theyenin 9 s ^ theorem _CLab Support) 

D. Norton is, theorem 4 ■ / ; 

E. Circuit conversions (change-con^ 
figuration* to a familiar form) I * .J 

E. Applications and probiems , 
Resistive Network Analysis • 

A, Single source networks (Class Intro- 

.duction) ** 1 •/ 
1 • Bridge circuits *' , 

2. Node splitting , / 
3y Ladder* technique • ;j — — 

B. 4 Multiple source networks (Lab: Support)? 
HE "SitwqrkT with ^dependent sour?ces"~^ 

Di Applications and problems 
Four Terminal or TWo-P#rt' Networks 
A. R parameters (Class introduction and 
; study) 
I/ r; 



/ 



2> -R 



11 

12 



•3. 
4. 



■21 
*22 



Sinusoidal functions expressi y mathemati 
cally and graphically. S . 



-GEUmLtWiVEbiHES* < ■ V 

The r . information and, suggestions of: these 
.6djiwa£ ^rfetoiei "identify the concepts, subject.- 
mattefi importance of certain" sequences and tech- 
nique of instruction important to the subject of 
Res is t i ye Ci rciii t s . * ' More specific, guid e 1 i nes for 
the classroom iand for the laboratory will follow 
these* general; ^guidelines.* ■< 

'ImpohXahci &feasf&A£-CduJU ' 

;A first course in circuit analysis must pro- 
* vide arspundH^ckgroun air other eiec 

tr ical^e lectronic cours es can , be s tructured into 

logical^ sequences or- groupings*. ~ 

The success i of a t ota 1 curriculum is largely 



d. 



Ramps expressed mathematically and graph- 
ically. '•• 

* e. These and all-other functions should- 

* *c 

always be represented graphically in 
eaflVosStudies. in order to get the: em-' 
phasis on Instantaneous values; 

;Emphasis on instantaneous values for all- 
voltages' .and currents , rather than the ^D-C 
or A- C ^approach \ has certain definite advarit^ 
ages that represents a key factor to a total 
curriculum^ structure* Soml o^ these advantages 
are: 



dependent p^the structure and content of this 
firstVcourse.- • 

M&ii\Kteti ActudJUy Stav& * 

;Ref erring td the .topical outline a/ resist ive 
circuit analysis essentially starts with topic IV 
on the s "Concept , of Equiyaleht Resis"tances r -i For 
this reason, mucri - of the preceding material of t 
the ~qut 1 The. coU Id - be conven i en t ly and appropr i at - 
ely presented and studied in preceding courses 
siich-as the proposed IhpwducUon tb Elzpt/iotUcA 
tichndtdgy qourse* the preceding material, to 
which .we_refer, involves a knowledge* of ^ basic 
electrical units, waveforms arid volt-ampere graphs. 

Before -starting a detailed-study: and analysis 
of Rtei&ivOi CvicaitS, the .student should, underr 
standi and^^ knowledge of : 

a7 Voltage ahd-curreht' graphs as a function 
.. r ^oi^times; JITie^diraerision _of, "time" in the. 
, - plotting of graphs is a concept with which 

— ~the~s tud en t- h as~fiad- v ery-ii 1 1 1 e exper i ehc e 

before entering the Electronics Technology 
C^rricuVuni; The experiences could be gained 
in the ^Introduction to Electronics Techno 1- 
ogy! 1 ^ course when such, a course is offered, 
b; Constants expressed mathematically and 
— ^graphically -on a -time base. ~» ~ 0 ~ 



\ 



Permits .the. study of resistive, circuits 
with any and allt kinds of input wave- 
forms. \ m m 
Permits a general approach to air cir* 
cuit analysis, from; ah, i nput- output 
point of view. - 
Provides a smooth transition to the 
analysis and study of xircuits. con- 
|. tainihg; inductances and/or capacitances, 
since all electrical quantities are^ - 
f derived fr f 6m voltages and. currents e^^JL 
pressed as. functions, of time. 

d. Allows t he; gene ra 1 mathemati cal f approach * 
since the voltages and currents are nec-» 

t es^arily expressed, as functions of time.— 

This general mathematical approach is 
* * .important since circuit analysis .is* a 
mathematical process of applying Kirch^ 
O hoff f s laws and Ohm's law (for resistive 
Vcifcuits) . " 

e. D-C .and sinuspidal functions (A-C) are 

■ >» — . - - 

special cases. ;~ . ' * ^ ^ ^ 

Jli<i-~VfUv£ng-Euiictioii6„ . r * 

The driving functions, voltage and/or 
current sources, can be conbtantb, (D-C) , iinuA- 
oZdaZ, Kdmph, puJUtb, txpon&itiaZb , singularly 
or, in combination. $ - 

The driving functions can be repetitive 
or non- repetitive. , 



The dfivihgj? unctions can be mathematically de- 
*f incd-f {actions or , they can be, so irregular that 
> they/ can -be expressed only by graphs as a, func? 

iiori .of :time*. * . * - ... 

• - v , v v • 

The analysis of Res is t ive circuits, real 1>L 
starts; with the ;use of Kir chhof f • s two laws • 
"This .-means' that circuit analysis should 'start with 
circuits havi hgr more than one resistive element 
and more; than .dneVbranch; More than- one resist^ 
ance As needed to understand- Kirchhoff , s< voltage 
law^and more -.than one branch is\ needed- to under- 
stand Kir thhof f^s current law; 

' Kirchhbff 's laws .always hold true for Jbi&ianT 

tMZOjU Values,, a point that will ;be pissed if . 

too -much emph as is ; . i s » p i aced , ohj p- t-sour ces in a - 

-first course 911 circuit -anaZyiJ^ J, > 

Using : Ohm's* law, which was actually learned 

-first in -get ting -the concept ^of resistance, is. 

not the f irs t step in the an a ly s is of I .cir cui t s . 

Kirchhoff 's voltage law and/or Kirchho.ff *s cufr- 
* <mt"law Represents the first step. If this Q*** 

step is omitted, it is always implied. 

The quantitative analysis of any circuit re- 
quires an^ arbitrary assignment of positive .refer- 
ence pol arit ies fftr^vol t ages and an arb i tr aiy 
^ass ignment of * pos i<tive.» fef efehce-'f or. current'^idi*t . 
rection 1 . Kirchhqf f •s voltage and current equat- 
ions> cannot be; written without these assigned re- 
ference. ' . * + 
«_---- + 

'The actu a 1 *y ol t age po 1 ar i t ies .arid th e ac tu a I* 
current directions are revealed from the niimerical 
solution of -the equations written for a circuit. 

A serious^ handicap to the learner^ process 
can -exis t If early studies • p 1 ace tod.much^ empha- 

sis, ohya^/cng£e D-C source using the-standard 

:symbol to represent a battery. Here the voltage , 
polarity would be predetermined and the actual 

current: directions are known in advance. Learn- 

, . : ; - , .~ . ^ o - 

ing troubles >*wi 11 then exist when a second source 
is added -in* circuits having more than one loop. 
Iiv such -circuits K -the, actual directions of cur- 
ren ts. cannot _ be knoUn in advance... 



*! Knowing rKirchhoff f s law, the one additionf 
al concept required to analyze these circuits, is. 
the concept of equivalent resistance. 1 Consequent- 
ly the student .masters these -circuits, much more 
eas i ly ' ' _ „ ; ^_ 

If these, .circuits are -treated as a QKQyp 
especially in the labor atorjr/the student can *- 
grasp the .ful l^signif ioance^anJ importance of 
equivalent Jresis^ance._ _ ^ * 1 



Single- loop circuits; with^twp spurces-aje, 
valuable;^studies^here. Superposition theorem 
can-be^ introduced . 

therpractical situations of voltage: dir . 
vider; current divider,, potentiomete'rs, atten- 
uators*, summing of two* sources,, etc; , ;afe-prer 
sente4 i n P*is area; , - * [ ^ 1 •* 

. Wode Equation* and 16op^fqvuxtioh& 

te arh ing to wri t e node eqxi at i ons * be fore . 
loop equations, is recommended. There ; are » 
several teaVons for' this r " 
a.^j^umber of independent nodfe ; equations 

required are more easily identified, 
bi the unknowns in node i equations ^ are 

Vb It ages, arid in electronics circuits " , 

one is Usually more interested in; volt- - 
" * ages than current i ^ *\ 

c It-permits a /more natural approach to 

the loop equation method and the use" of 
* , the valuable ^iTree-Chord^techhique^ 

of identi fying independent loop equa- 

tipnsv / 

the an a ly s i s of c i rcu its Trav ing ciff feri t , 
sources should receive greater emphasis than . 
has usually, been true in the past. \ 

the- writing of ^independent loop and ! node- 
equations is more .important than the solution 



of the equations,' especially in a first course 
in circuits; \~ . 
Tteo/Lem6 ion C<UcuLt Sin^tt£icatlon& 9 

Thevehin^s theorem, along with Norton's 
theorem, Millman^s theorem and the .supejpositiqri W 
theorem are valuable tools for theTsin^Iifica^"^" 
ti on "of circuits . * 



• With They enii^s theorem and Millm^hVs^ther 
£ * brem^""" ~ * 

— tjur — : lhepnumber-of^oops-Jji- a_circuit can be re- 
. - educed. • - 5 , 

* \*>9V* ?P ?iMi*\4 te . can ^ e selected to pfo- 

~ -yide the needed convenience of analysis or . 
* . inVerprptation . ' \ . ~ . 
. * . "„ cv * Attenuatibh; factors are reyealed as -c^c^uit 

\ is reducedt in this way-. 
x * - /tfheh circuit is reduced to a single branch, 

1 . " anv- equi v a lent-souf c e vo 1 1 age^ ahd^n^qu i v ~ 



analysis; The defining: equation\of instantaneous 
.ppwer, p /= v«c for any 'circuit under\any condition^ 
dictates this. . The student first, heeds to 



aleht output resistance between -two termin- 
-als is known. * - - < 
? * JNbrtpn^s^fieprem becomes valuable whenever e 
.it become^ "advantageous to convert sources" 1 6; ^ 
fcu^r^t^Ispufces i - This - need wi 1 1 occur* when one 
wisheV-t^ rather than 

.^/dhrseriesT *' * 

/ • The-super^sitiph theorim^rs ios% valuable^. 



* in ;a^sihgierl6bp circuit haying two of ^ore^sa 
.* urces.^ "Th^eqiiatjton, iii its -simpiest form, is 

a sum- of terms equal to the number of sources*.* v 
: — -With-the^slipefp^^ simplified 
^ i Wuat ioh/cah ;be written directly in a single- 
step:, ; 

Ttte. analysis of circuits having. dependent 
^ 'sources' is; ah import ant topic to include in a 
« ; first circuits course, to establish these de- 
; pendent:^ simply specifies that a 

source is dependent oh some vol tage of ' current 
ihi the circuit. * The coefficient that specifies* 
'the; -dependency is* as signed: as- desired.. But it ^ 
V is.aiso advantageous to use_B)_ as in t fans is tor 
r V ^circuits for example, for the coefficient factor 
'* of 'dependency., The genefai^procedure-of analysis 

Isvcd^atiblle^WithVtiiat of independent sources 
- — ^only^provided^ne^does^hot^disfe£ard^t he facto r 
of dependency . 

^When^depejident sources are studied in the 
circuits course, the student will have much less 
difficulty_\with: the analysis of electronics cir- 
-> — cuits- that^foTlowJLn. tlie. seq uencer - 



know how : to calculate v and i.* 

With .emphasis oh the calculations/bkyoit- 
ages and currents -ill .preceding studies , th^ 
student is thus jprepared-for a study of power^ 
and energy; 

Attempts to teach' power and energy 
early in a; first course will , only add to the 
problem to teaching voltage, and current 



calculations. " "s t-— 

It is impoftant ^or th^ student to tinder^ 
stand the parameters of ^resistance without con- 
fusing him withfthe various other charactef- 
is t ics^ofjth ejdne,; r es is t i ve device^the resistor; 

It is desifabte'fof thb- student -to begin; 
so 1 v i hg f es i s t i ve c i rcui t s as - e ar 1 y- as pos s ib le ? m 
/^-early^foffhal study of resistors would only 
^elay^ius^ * ** . \'^*-?_ v 

A. thqf oligh^studJr5£^^ - 4 fe^uir^es ^ % * 

^backgroundJkh6wledge"6f power 



TaSUng Advantage, ot Sbxdwit'* JkLckgtodhd: * 

The teaching. of resistive circuits 5 should;^ 
take advantage of^students • background ^gained: 
ifi the previous" Introduction oi HzcXhonl^b Tec/i^ 
ho tog y cpuf s e as Weil as h is ^*nath?ma t ica 1 *:^acW 
ground in * a lgebra and t f i gonome t ry . Thi s backH ^ 
.ground : allows lis to move int 6 th e * sjtudy of ^ Wave - y , 
forms at an ear ly^point, both in the, classroom.;' 
as well as the laboratory, on a quantitative ^ as v 
weil as qualitative basis. ^ 

tiling fat labbn&Xjoty Mvant^} 

- As the laboratory environment Xs used, ex- 
pensively /in this series of topics to introduce 
major concepts and since the student has the 
background and insTfumSfplolf ^ capability^ ~r 
necessary for observing, intefpfetihg, measuf- 
ing ? and calculating the significant waveform 
quantaties involved , N the study of resistive, 
circuits' is greatly enhanced. 




XottiVy (wdrEn&igy " - . 

*;Avd^ail^study of power arid energy should 
Be :deiayed: t6\the end of a. first course in circuit 



Design kind bf i ad o rat oryTJT ob 1 eras^can^be— 
employed early as a lesult of student^ instru- 
mentation backgVoun^ 1 



£he>prinary/ Measuring, ins trumerit :fdr this 4 
cou^y should be the- oscilloscope, again allowing 
the' study.* of any waveform input* 

'schtmtUits Ate a Source o i ?HaoXicdt. Problems 

The problems , as found ; in textbooks , will be 
from practical kinds of circuits but th^studerit 
may not be aware <>f/ this . The student: would be *** 
mo^ positively ^motivated towards study of xex* 
sistiye^circuitSAby knowing the -possible .sources 
of some ofc the problems. ^ , — 

Schema tic diagramsof ins t rumen t s , and sy s terns 
have all kinds of resistive circuit situations; 



Problems can be generated from these~ portion^ oT 
the schematic diagrams. Perhaps only, a small 
percentage of the* circuit problems heed to -be 

-:fra.'Suc]v^sourcesj in-order to- satisfy the stu-,. ^ 
-dent; °, 



. The topical outline for RoA&tiv& !^aut& 
identifies twelve major topics, I through XI I ; 
Some s pec i f i c* s ugges t i o ns and in f o rma t i,on . are 
now : r presented vf or; thes e topics in the order- pre-, 
sented-in the outline. Any references to exper- 
:imehts^will^beipresent ed in mdre-detai l~in-a 
followiog section of Li&ohaAtituj Gitidili$i&* 
^ • J 

* J The most impor tint parameters »f ofjaffcuit 
alysis are vo ltage , current and .time .-- Although 
^olfcage^is^<tefined as cncA^j/ ;pvi choJiqt and .cur- 
rent isNtelihed, asv^e-)t^T6 j-c/idnge b&~ckahgii 
i t- may" be/ mbre s a ti s f y i ng , to the is twjeht = (at thi s 
• ear iy state in fits studies) tojthink of^voltage 
as -a : force . and to thi^ of current as a result of 
this, force* An., involvech^tudy of .the. /physics of 
electricity iis riot recommenced at this time. Such 
concepts; should be reserved for^the courses in 
physics,; . * 

No, more, than one , or possibly two ciass per- 
iods should be 'used for the identificatioh^^d 
definition of electrical units_and. parameters.^ 
The laboratory time can concentrate*primariiy on 
voltage and current measurements and becoming fa r 
mili^ir^^h^he-units-of-measuremeht. — ^ . 



mEFdm. .... 

. The classroom should emphasize the 'mathe- 
matical :correlati6n of defined- functions with * 
the graphing, or mappings of various functions. 
on Jthe cartesi an coordinate system. The concept 
.of time as one of the two parameters wi 1 1 need 
special emphasis Since students will-probably 
not be accustomed to plotting equations* as a 
function of time., ;There is ^learning problem 
. that involves .conversion f^m x and ;y texroin^ 
ology to v and t ( of JL and t) terminology . ^ 

A mathematical equation or current function 
irivolves^the^apprjppf iate voltage^polarity/ or 
current direction ? as welTlis "magnitude: The 
significance of a positive or negative; value 
must be appreciated ind this^comes only by 
assigning ja reference ;6h- at diagram. Vfte/functj»; 
*ion, isr then "de/ined>acco"rd^^ 

Equations** written for significant Titter^ 
yajs of discbhtinuous functions should be ^em? 
ployed . This tmeauis assigning a zero time re-^ 
Terence at the start of a significant interval 
suih, as the ramp of a sawtooth waveform or 
each pulse of a rectsmgular waveform can have/ 
its own zerq:-time reference, this technique 
el iminates certain math emati cal difficulties 
and f is Sometimes identified i -as a l^idwUe^ 
^technique ^pf ^ analysis; ; ^ 

* ,The unique feature of this topic is the 
us e o f the lab o ratdxy 1 6 i nt roduc e Ohm • s ^Law 
. It is important that *the sHdent^ see how, this 
xelatiohship is developed; therefore, the in-. ' 
troductioh is in the laboratory, hot *in the, 
. classroom. A recommended procedure is as fdi- 
lowsi . * 
The student, having been introduced :to 
voltage/time and current/time parsweters 
is how asked to establish current/ volt- 
age and voltage/current relationships 
as outlined in Experiment Not only 
is he exposed to' linear and non-linear 
devices/but he develops Ohm's Law by y * 
binding the slope of these volt/aihpere 



.relationships. 
\ Rigorous inath-based support in the classroom - 
is important infoliowing up .what Has been intro- 
duced in this laboratory experiment, this is the 
timejfor. aimathematical definition of the voltr 
age/time and current/ time interrelationships. 
Ofim^s law is defined at this time, but its use 
i n prob 1 emj s 6 lyi ng w i JL 1 : b e del ay ed " uht i 1 af t er 
the^deveiopment^of kirchhof f* s. voltage .and cur- 
rent law J , 

'Emphasis' shou Id^be^plaped . upon the distihc- ^ 
tiohv between a resistor and all its various models 
and th e word", "res i s tance'tt Res is t ance shou Id be 
,de^ned^^oJJLag eldivided : by ^current . 

Cqnc"e^ r Oj55E|jaiva£ent Reactance. . , 

A ma j or - prob 1 em for S tud en t s in ,d e ve 1 op i ng 
problemrsbiyjngitechniques lies in the 'understands 
^ing;and appreciation-pf equivalent resistance 

courses.;* therefore, ^bef pre the introduction of . , 
series and „ parable 1. branches , it is des irab 1 e 
-that tthe-studeQt/work with an e /^,, ratio and . 
identify it'as;^-^ (Equivalent Resistance),. Many 
circuits where R / is^needed; and assumed e- with 
solution forve> is the recommended technique, 

This - concept; 'is; in troduced in the labbrato 
tasnput lined in: Laboratory, Experiment, #4. ^iain, 
classroom, support is needed for the . materia 1 ihj^ 
tr6duced-in*«the Jattoratory;. *Y ^ 

The,, terminology necessary, for circiiit^analy.r 
sis, is defined; in the out line , along with cir- 
cuit configurations apd the notations necessary. 
This v information is best studied in 'the classroom 
- along j with an outside assignment . / % 

rThere^coiild be strong temptation here to 
teach series circuits and series -parallel cir- 
cuits concentrating on the solution of curjrents 
:$r tfoltagesy Using Ohn^s law.- Such temptations 
"shoiild- be avoided. If circuit; configurations 
'that are series parallel are used, the cone en- 
Oration .shpiild^be off the e s /^ s - ratio. , This 
approach, to equivalent resistance dictates the 
1 abdrat ory approach w i th s upport i ng di scuss i oris 
rn,*the classroom* ' ' 



^KhchhoU** VofttcLQt Ipto and KiAjcixhoii** CuWat- 
\LoiQi x ' * 

The student now has enough information* to 
determine all electrical quantities in a$iy pass-; 
ive resistive circuit, A^ew measurements may, 
be necessary., but, with the assistance of Ohm* s ^ 
Law, the student should-be, in a position to 
beg i n ? prob 1 em* s 6 1 v i ng t echn i ques • t 

The advantage of delaying problem 1 solving; 
of ' res i's t i y e jc i feu its unt il , af te r the dey el pp ^ 
ment of kirch hof f 's Voltage Law and Current ;Uw 
rather than to ^iart*w£&^ite v s«,tJM[ f .^s , ' > th*at 
th e l s tudeh t . can: b eg i n c i r cu i t analyi i s work by 
dea 1 i ng w i ,th e i th ef a vol tage equation or a 



cu rrent equation, srarti^ 



with Ohm's "Law involves one equation and .a minr 
imum 6 f .two? unk nowns • KTi ii e . d ea ii ng wi th" th e 
voltage law or current law the student may .pro- 
gress more ;feadiiy" when* he. is taugl^i to solve, 
for one unknown with v6ne equation, . Ohm's Law is 
used" to ass is t the" stude:\t *in:re3ucihg the'^yp lt- 
dge r of current equation to one equation with: one - 
unknown; therefore , he treats - Ohm 1 s Law as a " 
basic definition that will assist him in the 

^solution qf a current law br voltage law 
equation. 

The- classroom discussion of problem -so lv- 
ing is important in assisting , the student in 
developing efficient problem- solving techniques 
initially. Ah engineering technology student 
is expected to be efficient ana\organi zed, . There- 
fore, good organizational procedures are iraporr 
tant.. 



leras 



The assignment of outside* problems can be , 

- - " i ' \ . - * K ~ ' ^ 

of great assistance to, the student In learning 

oh his own if the problems are sequenced in 

such a^ manner that one -problem wil l assist hinf 

in the solution of another problem. 

Now that the classroom discussion is "em-" 
phasizing problem-solving techniques, the lab- 
oratory support work begins to present design 
problems." Such an ex«unp]£ oJ a bnsic design 
problem is presented Laboratory Exj^rimerir^S", 

In presenting Kirchhoffts laws in the class- 
room, it is recommended that Kirchhof f's current 



law (KCL) be presented I before Kirchhoff's .volt- 
age law (KVL). It is further reconunended that 
"double-subscript .notations -be presented before 
*singrersubsciipt, notations. In either case, KCL 
or KVL, the. early . studies should have .reference 
to> circuits havwg^^ loop.. 

A diagram such as shown Jiht Fig. .i is yccom- 
aended^for a^study of KCL using, doufile-subscfipt 
notation. ' _ - ' 



*igni£ica*it tiAmiixaJU. Fite voltages are there- 
fore given.. The* objective for the student: is 
to solve for all, or any bther voltages through 
KVL equations.. Answers for the" voltages across 
the individual elements are represented in Fig. 
3. Problems with single subscripts are^Tiot" 1 ? ■ 
shown, in this report . * • " * 



14 v 




v Proble^ currents 
;in i rail but - one of vthe branches , .the .student .must 

-calculate the current in the -one: unknown 
-br^^;;frqm ^the KCL^equat ion . 
* " For .^e.sirig^-subscript notation, a similar 
n^ltibr^^ is used in. w^ch^feference ; 

axrw| -ax«> specif ieds for •e^ch-cuTreht: in 
(brandh. y f^: terminals are not; identified: in any 
way. This problem; with s^gle-s^script becomes 
a. jiittle^mpre viniplyed -- since 'a 'reference ■ arrow' 
xari be * specif ied-Hn^eittoer 'of -two direct ions/f or 
each^branchs * this generate. s/ a number of class 
problem situations. Again, for each problem, the" 
student is 'to calculat e the. one unknown current . 
th^ -bthers Mi 1 If be given . 1 1 may be -necessary 

'»to reemphasize that KCL has reference to a surnrna- 5 
•tion pf algebraic quantities i not just /magnitudes. 
The -doub 1 e-subs cript t echn ique* for present^ 

..;ing;a-study of KVL is suggested in Fig. 2. Here 

the s i gn i f i can t t e rmi na 1 s are i den t i f i ed w i t hi ~\ 

» > * * ,'"t,' V- ' _ ' ■ ~ ~ 

letter (a,h,c, ; . . .) symbols v This circuit model 
"/i * • - > ■ ** , 
(anything cah v be "in^the boxep) has six significant 

terminals i The number of grven *voltages properly 

positioned can -be one leA6 than the numbe/i o£ 
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Substitution oi Ohm** lauodnio KVL $ K(fL-s 

Until now, ca 1 cu 1 at ions f o r both ' bur rent s , 

aJHS " V ?V??8?? in the same_ circuit have not been 

emph as i zed . the equa t i on for Ohm 9 s Law becomes 

.important at this point in the course, to 

appreciate this fact, it is only necessary to 

recog n i z e tha t Ohm 1 s 1 aw equat i on has\t Ke trio 

u»tkw"H4~of v . and i for a given resistance R. 

- • ^ . r i r - * V • 

Learning problems will exist if one of iriese .' 

twew unknowns , such as v^ t is removed by using. 

c g . In other words, a given source applied to 

a Single resistance is not a sound approach. 

The recommended approach- is to always write 
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V 



.. . . . - . / , • 

one. of Ki-rchhoffVs equations firsts either KVL 

or, KCL as convehient/fpr .a circuit then make 
"* -»"',• » j| a , 

substitutions^ according to Ohm's law, .Refer £o 

, ^ , j|i g^uiLl SiSi^L 0 1 ea 9QP M be to find the volt- 

age across oH'e of the resistances • X 

IFTrst, ^fromiKVL, we write „ * , 

» 1 H - " * 

'".** IhjejnJ^b^ law. for each .voltage 

v **" * * 

- across. each .resistance, we have that, 



Y 



e^ = *R, ♦ *R- ♦ *R, 

S- - 1 - -2 ' 3 . 



And" by; col led ting coefficients i • 

• ^ • V.= ^ ♦ R 2 * R 3 ) «.* ft eq * • 

We cair then* evaluate the current and ^consequent- 
ly v o*u/ voltage i .Not ice that, a! V voltages and : 
the current must be referenced, but hot necessar- 
ily the same as shown *,in this one ^ case • r *« 




- ■ I ■ . ;S Fig. 4 • . 

'7. • ; -«;- : •• * 

^ Netwbrk^equat^bns, either loop or node equa- 

/ t ions, represent the o:ie technique that; will 
y . permit ... t hV sol u t i on o f ah n etwork regard less of 

the .nlmiber of loops, number* of f junctions^ or 
l < number of t sources and ho matter whether these" 
sources :are- voltages or. cuvrehtSi dependent or 
independent .sources. . 

'Node. equations are presented before loop 
« equations for reasons -presented in the -gciieAat 

- ^wfateiiiA'^ Remember that node equations are 

-current leqtiations written according* td. KCH" with 
COhmrs^law^substituted; ^The unknowns*, therefore* 

' * • • • - - - -ijaj. . • 



are voltages that are junction-to-vjuhct ion volt- 
ages with. every unknown voltage measured to a 
common reference junction. Two significant learn- 
ing problems exist. One is to write each equa- 
tion correctly and the other is Vo identify the 

'* independence of the equations. WtiXuig Qiz 'efiuar 
tio*i£> tonfizcXZij i s ■ t h e* more t rrne*- cbhsiim i ng , prob,- . 

■ 1 era a^d / 1 h e s t uden t shou Id : have, s u f f i c i ent A y 
opportunities, to attain proficiency • Do not 
concentrate on th^e ! 'solution of the equations un« 
less cepjpufer* facilities* are avaiiable;, t and used; - 

The same" two learning ^problems exist when 
working with loop; equat ions ♦ Cbncehtra*te on 
vge 1 1 i ng ; the s t uden t prb f i c i eh t i h writing -th e 
equa t ions cor rect ly • Rememb er^th at 1 bop - equ ir 
t ions are vol t age equations written according; 
to the KVL with Ohmts law substituted, in the;"" * • 

* appropriate terms,. This means that the un- 
knowhs are currents^ Consequently, ah indepen- 
dent loop shall not contain a current source 
since that current source is hot in unknown^ 
iy&bite that feaye 

, To handle current sources, s imply # show, 
a complete current iobpr (any convenient loop) 
for each .current source. Do hot write an equa-- 
> tion forcthis loop, but dq use this .current* iH; 

* wr i t i hg the vb 1 1 age in " each b fancfi f or wh ich . . 
an independent loop 1 has "been correct ly^s elected. 

. Wj i t ihg network equat i ons \ is large ly *a 
" » c lass room -pjrbbl em. * | 

*naitf6i6 by^EqwLvtfiniXinw 

Comb ihrng resistances ^ in para llej or in 

series to obtain an equivalent, resistance is * 

one example of -analysis by equivalent circuits. 

Ob t a i n i ng equ i va 1 eri i, c i rcu i ts not only prbv ides , , 

a certain convenience of analysis but also adds * 

considerable understanding to the response of -« 

a circuit. % . . " » 

* * * 

The various theorems (Thevenin's, Norton's, 

superposition and others) also provide conve- 
nience and understanding to the analysis and - 
response of circuits. With these circuit sim- 
plification techniques, it becomes possible to 



- f 



interpret the response of many circuits by inspec* . A). UqkjLng; in^at terminals T anf H we, see _^ . 

tinn tHat rnnlH tint Hnn<» ntJioruic* TK* ' * *nn1v tun nnanfifi an a on D - %v 



' tion that could hot be done otherwise. The sec 
tion on £tfieyuse of media, -later in this report , 
give iscie suggestions for obtaining, proficiency 
** in using simplification techniques fot circuij 4 
analysis.. , »'.*./' 
' * % 'Thji ? $i^^jffti5m*ihcox^i, as a concept, is 
not difficult^ for student; 'Itoraajbr /problem 
here, *is 'in 'r writing the c6mplete*>quation directr 
• * V; ^.'fTOm ^V given circuit. To overcome this, the 
\\ -'*-%^^mt^^Ajih^mgtA to sketch the equivalent s 

' ^ circuit •ima* familiar form for each of the sources. 
, **** JAf ter awhile ;this v may not j>e^necess*ry;< 

\ The^yenin's .*i^ r !ro^on^ 'theprau^^a means; 
- * "of 'circuit simp.Ufication^ «re;jnpt always fully 
appreciated by the student Iwhen" he; is firs t 

exposed \to thes e; theorems . They* do> require a. 

'*** * ? . * ' • ♦ ~* * • .*« . ' . 

certain* amount pf t :experiencei . and. patience is 

.Ka^iix^appK<^at4^,d4^the. < student; wi 1 Kth ink' :6f . 



only two quantities, an e and amR,. 



and drily two.\ * % * • 

B) How might we draw a circuit .demonstrat- 



ing this e and this Rf 





1 

-O • ' ' 


en. . 


ejR 




H 



C); Is there another .circuit that will give 
us the same e and the same R?* ^ - 



'0* 



a network ^^jto of (open circuit voltage) 

and R.. / 

— - mt 



looking, in at the output^erainals. ;A 
suggested classroom procedure follows* 

T. ' Consideration of* deactivated sources 
■A)"' Yoltage/source -going ip zero volts 
-•jEshort^circuit) 1 fc * 
* ?)- Current sburce_ going to zero amps- *• 
(open -circuit) 
II, Examination of two terminal network using 
r ' "black box M technique 




iii. 




D), If both these c ircui ts demons t rate the 
same "terminal; quantities, they musttf 
* be interchangeable at*kKose^ terminals • " 
Reduction of any network to TheVenih's * * 
equiyaierit circuit. . - y^., 
AX Referring back to 'black box p^ Part \\ r 
'there could have been any* network ac- 

tually- inside, but still demonstrate %: • 
« only tie two; quantities at terminals i ^ 
T ahd.H, namely e and R* 
B) Therefore, these two: simple circuits 
must be- equivalent to whatever is 
actually iri-thc box. * » • ^ 
1) # ^ the series circuit we call: ! \ r 
Thevenin's equivalent, circuit. 
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»-**"* 

* . » * 

2) The parallel circuit we call ^orton's- 
equivalent circuit. 
C) To .reduce network at any, two terminals 
. to.a Thevenin's equivalenV: < ^^T:^--_ 

1) * f ind e th (use ^nethodsVl earned' to. 

. . this point) * i 

i* * _ * " \ - , 

2) .Find R^. ^source deactivated) 

» «*-* wi - i • 

.3) Draw equivalent circuit, 
to^reduce network to Norton's equivalent, 




Do some problems on reducing networks to Norton's 
equivalent circuits. \ 
l.V. .Thevenize* the following kind of problem , 



* and sjiown as many times as there are^h^nche^s' 
v connected to that, source, A transistor circuit 
t that % shows v- as the one supply for the collect* 
or circuit as well as* for biasing is a good ex- 
' ample. -AAbctterj^jdcxstaodi^ exists if the, 
biasing res isfor As f e"turned^to*^<^arate, 
supp ly (in a c i rcu i t modei)^that is, equal t o r * 
% v ; # BriTdge ^circuits i are- often conver^iitly \ 
analyzed, als6;by using* the n?He ^splitting 
techniques. . * ..• . > / ' ; , ? 

Another technique, that is; usefi ul fat r times 
is the ladder technique where a voltage is ' ■ ^ 
. ^siwdvatv,the-cmtput and -we work -backward. ^ 
toward th e source a^ui * end' up w i th a \ sea Hng^ • * 



ratio. 



Tki XaddeA TichtiiQWt 



, It is often' offerlpMed ^ 
resistive circuits that the , only function;^ * 
resistiye-network can have is that' of amplitude 
scaling. Ah analysis, technique that emphasiies 
this fact, is one that i$; commonly called ^he' 
ladder technique; Ah example of this technique, 

follOWSv f " ^ ' * . * . 




The; ^techjiiques used to reduce this • 
\' .circuit are : really applications of 

-ThevehinVs- and Norton's equivalent 
» * circuits br^Millman's Theorem. 



Some special circuits lend themselves natural- 
• ly -to-imique aeth9ds of analysis . liie; node- split- * 
ting; technique is- extremely -'valuable and conven- 



. ient ^hehever'twb or more parts^ of 
return ed * to ;th e - s a^e vo 1 1 age s oufce 
splitting method simply. permits* the 

• ^ ;circuit inodel where the one sourc 



circuit arc 
The node- 
sketching pf 
is "spli^t'l 



In order to solvit this problem for v q , 
one. would- be tempted t6 employ Thevenin's The- 
or^ih> wfitihg^ nodal, equations 9 or perhaps 
"even.v4 >V66ps • However, if one wer^ to <M&wh(i 
| v 0 » gerhaps we can arrive at *a ratio that 
\will incfiqatc. the scaling effect of the :.circuit 
above: • * - a 

1. " Assuming a v^,' we then have a corres- 

ponding value for v^p. - 

2. Having this vaiub for Vqj*- we can 

, .then find a corresponding .value rf or 1 



r 



; \ ,3..~ This is ^repeated for 0^ and finally for 

? ' "a^aiue-of e, . " 

. : . "> . >t lo„ ; * 

, 4. ^fhe value found; for e^L -vs- the assumed 

~ % ' ' • I' *-*"-# "I- ^ • , * • - 

/ . • V" when- equated to e l provides- us with the 
y ; v * ratio^necessaryv.to £ind*the. actual value 



of y \ aftdVtHen the scaling factor of the 



TuTfc^nce^ and importance' df :R » and; 



. ^ 1 



-r- wi^P^,^studeht at. this* point is reader ^ to handle 
t£ power^ and: methods ■ of Jf ind i ri g ; pow er ,di s s lpa t i oh . 
. This!: .^p ic ^en^s^ its e 1 f to introduc t i on i n „ t h e. 
J daborat ox^-v -We; gh t» we 1 1 inc lude at t hi s t iine 
HaxTmum,:Pdwer> Tracts' f er Theory , / This !wi 1 1 rein- 
^fdxc^tfce 
^The veh i n ! s ^Equ i V a 1 en t X i fc ii it 

- .;^ter 'c^s^Ldefi rig resistance- a*rid resistive 
^•circuits , ;ah> appreciation of ;the ,phys ical . cbm- 
""poneht iand^i^s- characteristics^ is of value to 

%theb student ..1 This is presented, at; the end :of - 
} ^he\sequ^nce::qf' topics to avoid confusion between 

-JS* r ijf^^ suggested*sequence of experiments preserit,- 
\lgd.'-in? these?IaBoA£i£6/fcy Gatdc£^ne^ are identified 
T : ^'^J&"5*S$?/S> ?? r tne convenience of this report, 

ij 1 ^?- -~§Hw?d v B9* ^ e interpreted as a complete ♦ 
; /seiudf ^expef^en^.for'-the xoiirse or that other , 
experiments, xoii 1 d not be i nt erspers ed - or subs t i- 
^tuted; . The ;f6rmat in which, the experiments are - 
\ prepared -may \be=-of interest as'Sfell as the sub> 
jecttmatter; 



I>., * VThe'iPrbbieA:. -Measurement of voltage and 
current 

'II;:. Stv^nt -Background Required: 



. , ? Under s t and i n g o f : 



voltage 
current 



polarity 
direction 



ill: General -'Notes: . 

» ■ * ' ;/ 

• 1 -This-lab is simply an exercise to famil- 

-V 

jlafize?, the student with basic measurement tech- 



hiques. . The. la]) 'should follow a' lab deraonstfa- % 
tion of N voltag* ah^Tcurr"ent measurement ; * ** 

Hopefully the .student wili also get a feel ^ 
for series' voltages and some insight into KVL * 
and KGbv although he will not have be.en intro- % 
duced to this at this time. % \ * %w ^ 

Circuit -diagrams are not shown 'here; /The,, 
kinds of circuits and circuit elements to-be 
used are left to' the" discretion ,of the instruc-- 
tor; : Perhaps^ one might wish to use dry cells 
connected in series (hot in parallel ^ however); 
for voltage. measurements. Perhaps a lamp load 
could ib e added and .current measured! with an 
ammeter. Perhaps the peaky or' peak-to-peak , 
Voltage of a sinusoidal function * could :be 
measured on\the oscilioscopei These <afe % a 
.number of ^possibilities . 

the important thing to ,keep in mirid 1: here 
is the measurement of voltagv and/or current on : 
ah i-nstantaneous basis. Do not use ArC meters 
nor bring up the problems associated with„rmi' [\ 
values. Concentrate only on those readings:* • 
directly available from an oscilloscope which, 
are instantaneous values .as a function- of: time. 

Expz/Umztvt 2 ^ ~ ^ 

HotQA to inAtsuictotLi 

I. The Problem: . . 4 ^ 

A) Graphing of Waveforms t <% 

t l) Plotting of ybltag.es on a voltage- . 

/ " . 

-vs^time axis . 

v - ; . . . » • . 

2) Identification of significant^ s 
quantities on waveforms 

B) Expression .of waveforms mathematically 

C) Addition of waveforms' a . 

1) , Point by point 

2) Composite on oscilloscope 

3) Addition of functions mathematically 

II. *; Additional Concepts Covered: 

c A) Any resistive network, regardless of. 
input, will have only one response, — ' 
/that of scaling 

III. New 'Terminology Encountered: 

Interval Scaling Continuous 
D.C Ramp Squarb Wave 
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. Triangular, . Pul§e Pulse Width 
Time-varying. . Peak Discontinuity 
"IV. Student Background Required': 

i-^ihear Algebra * ° % 

. ~~ Graphing 5 Curve Fitting 
■Oscilloscope Use 
^wer Supply Use' 
Oscillator Use ; ' 
.Function, Generator Use 
Pulse? Generator Use 
• Experience in Connecting Circuits 
V. " General' Notes: * 

The general approach taken in this ex peri- , 
raent is structured by allowing the student more 
andlmo re} freedom ;as* 4 he ^progresses. . ^ 
fhi 4^^eHt>^duC^'be-<9^u'en'0ne 4 pa/U^ at a: tarn, 
aliowihg^the. instructor to examine student^prog- 
res^^^fqre^cohiihuing. - r- • 

I Fdii THitStuddvt % '.. 

The Problem: Identification, and Expression . 

.'(Graphical and Mathematical)* of 

* Common Wavef orms 
iNew *7f ejrinino 1 ogy [ Encouh t e r ed : 
~ .^ntervar Square Wave Scaling 



P.ulse-4* "* 
. Time-varying ' 
. *Dis continuity 



/V, /Tria^ular Continuous 
b;C ; - » Pulse 1 Width 
'Peak. ^ Ramp 

: Procedure:; (Part I) 
/.\* ^Connect vthect*aiit* below and examine v 
and v e - wi th , y our os cilY^s cope t i me -oas e ad j us t ed 
-/so^tKatV6ne>*2md*only one complete cycle appears. 
Graph ' u q -ys .t ime , i nd i c a t in g all s i gri i f i can t 
rvalues :*f or- -amplitude, time," etc. Write algebraic 
-express ions.: for qdantity graphed, When graph 
:hasr points of .discontinuity, write mathematical 
expressions in terms 6ft- significant values. 
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Use the values of e .as given below: 
a;* e^ = D.C, voltage source set at. 3V 



d. 



e g = D.C» voltage source set at -3V- * 

e = oscillator set at iOOO Hz 

s ; ■ n 

e g = function generator set' for ramp r 

(of triangle) voltage at J500 
# cycles/sec, 

e^ = function .generator set for square 
* wave at 2000 cycles/sjc. " 

e g e pulse generator (vary frequency and 



pulse width) 
Procedure: (Par.t;H) 

■ In this sequence employ techniques', cir- 
cuits, and -instructions used on sheet -fj Re- 
placing' e as indicated below. Plot e . and 
. e^ 2 # i hdi v i dua 1 1 y and th en w p 1 o t ~ comgos i t e ;by 
a<id i n g po i n t s . on graphs ; b ef or e wr i t ing equa- 
tion' for resultant waveform. . v. 




h. 



e , = D-C source 

e g 2 = time-varying voltages used in 

previous sheet 

Now experiment on your own in combining 

sources and graphing and writing equa% 

tions for resultant v . • 
o 

Connect any resistive- network of four 
resistors in any combination; Use one 
or two voltage sources and examine . 
relationship between the applied volt- 
ages and the v q you choose. 
What form does your v take with re- 
spect to applied voltages in all cases? 
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I._ The;Rroblem: Introduction of concept -of 
/ resistance as ratI6 e . 

A) -Nonlinear R. 



B) ;Hine§f R 



C)h-Slop f eLof "Via graph = 1 
Y . R 



Introduction, 



I 



Linear R 
Nonlinear R 



IJ> ^Additional concepts covered: 
: - f A vt^Ohm 1 s : Law 
r :I LF. ^ew, terra i no 1 ogy : 
=r ""-"* '- \ Vol t-Ampe re Graph 
_JResi\tahce' 

* -RViOhm^s, 6 

-IV^ "StudehtvBackground Required: 

. ^Laboratory- technique in measuring-' v and 
iv"~xP-lotting-. of curves. 

* .V;.- / -th i s * exp e r imeri t * e rnpl oy s a -'s equ erice 6 f a c t i v - 
,ities\tCK introduce* the concept of \resistance, 
^beginning witl? the use of-bpth types of volt-am- 
rperesgraphs for nonlinear as wellls linear re- 

^si stances. \ 'We then relate the slope of »V/A graph 
;with^ quantity measured with ohmmeter . Resistance 
^S'.thea-defined: as .the ratio between voltage and 
current i 



■ ' The-sheets should be handed out individually 
^ '» ' . " I 

alongrWith^the circuit element, ijpr "that sheet. A 

t >#47-buib isXused for the first sheet, 100 ohm re- 
si stor^f or sheet #2, and a 1000 ohm resistor for 
the^thir^sneet. J 

finally, .the student ; does some investigation 
r intO'Ohm's- Law as a lead into the classroom tareat- 
. ~ :.meht r of this- , topic. * ^ / 

: : i*he; student should be earned to deactivate 
power source before* removing element and measur- 
ing its value.- this experiment necessitates the 
use of a scope with D.C., input. 

" the Problem: Volts , (v)^ = ??? 
i t Amps (a,) 

m New Terminology Encountered: 

Volt-Ampere Graph Linear R 

Resistance . Non- Linear 

R, ohm's, ft 



•Procedure: (Part 1)^ 

Connect the circuit below and plot (on * 
both a vfi graph and a i/v graph) a sufficient 
number of points to. produce a curve' that graph- 
ically illustrates the relationship between 
the 'Vcttagt acA06& and- covient Xiixough the cir- 
cuit elements. Do not exceed 250.ma current 
through circuit element. , Use #47 bulb as cir- 
cuit element. When finished^ ask the instruct- 
or for Part II. 




CIRCUIT 
ELEMENT 



Procedure: (Par.t l})^ 

' Repeat Part I ,* replacing bulb with a 
second' circuit, element provided by the instruct- 
or. ■ / 

a. Calculate, from graphs, slope of each: 
line. 

b. ^Disconnect at points A § N and measure - • 

with ohmmeter the circuit element used. 

c. Compare results of 1 + 2 and comment. 

Procedure; (Part III) , | | 

Repeat Part I, replacing bulb with, a * 
third circuit element provided by the ;instruct- 
on 

a. Calculate", from graphs, the. slope of .each 
line. 

b. Disconnect at points A + N and measure 
with ohmmeter the circuit element used, 

c. Compare results of 1 + 2 and comment. 

> ✓ 
Procedure: (Part IV) 

V~From Parts B tfnd C of this c/periment, we 

have found r tha'f* there is a relationship between 

the V/A graph of a circuit element and the \ 

quantity we measured with the ohmmeter. . . 

Represent this relationship algebraically. 

We normally express this relationship . 
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in terms of the, ^/v form .of volt-ampere 
graph- ^ 
We -soon tire of expressing this as volts 



N^ew Terminology Encountered: 
Equivalent Resistance- 



- ^vs^ohpi^of - the slope of a line and call 
I this "quantity resistance (R) whose unit- 



is the ohm. 



'Compare the* graph you developed fn^Paxt^ 
"-^x with: those* in Parts B C, Comment, 

Investigate further the^ interrelationship 
* r of thos e three qualities 

The/Pfotiem: Definition \and approximation 
- of- Req. for resistive networks.* 



A); 
"3) 



R^:fp"r series,, parallel an^ series - 
\ parallel, circuits ~ \ 
Reduction; of networks into series and 
parallel rgroups and* combining to find 

: C) * Significance of values of individual 
^"resistances on R A . 
IL; r New- Tenninology Encountered^ 

1R e- * 
fin . . Student "» Background. Required 
Laboratory technique 
^Graphing (V/A) 
^Ohm'siLaw 
^V:. General tNotes,: 

Ji* This iabonatofiu sequence inttoducW the 
concept- of <Req^ as the ratio betwe in e \arid ju . 

It- also- allows the student some freedom in 
developing. thej: mathematical relat:.onshif> of RJs 



in ser i es , par a .11 el, etc. 



Included 'is a sequence on relative signifi- 
cance of ;R , s.;ih network and might jwell sirve as 
a- lead; into a treatment of meter Spading 

this lab sequence should be followed jwith 
-ciassroq^ of Req for series /Iparallel 

included! should 



and- series-parallel /resistances . 
;be: the^reatmerit off network reduction, using re 
cognition. of these/contigurations znd finding R 

"Igjiytfae Studtili / 

lite Problem: e s / = ??? : For any 'Resistive 

Network 



eq 



^eif — ~5r — 

Procedure: (Part 4) 

Connect the two circuits, as shown by this 
party and plot the volt-ampere graph for each.. 
The circuits for this experiment are all on a- 
separate page. 

a. De-ene*gize the source' and measure with 
an ohnuneteT^tij[e^ the 

• source "sees" at the input terminals 
A ahd'N. * " . 

b. Compare graphs -and resistance measure- 
ments :for the two circuits.; 

c. Compare the volt -ampei*e ^graphs* obtained, 
here with;, that of \experijent 3 where- 

a #47 bulb, was used^as the circuit * 

element. , 

• - - • * i 

Comments : 

Procedure:. (Part If) - 

In*Part'I we discovered' that a resistive 

network can be represented by a single rejis-^ 

tance when we are concerned' with: what the* ^ 

source ^sees". /This is called the equivalent 

resistance (R ^ for the network. We foiihd 
«p* eq 

its specific /value by looking' at the graphs 
. and Jbeasuring. it directly with the ohmmeter. 



^Rm, for passive any resistive net-;. 
s / work; 

' / 1 

. Using the ^techniques employed in Part I* 

/find R for each of the, given circuits 
- e q j - - ' 
found on a separate page for this experi 

ment> * 

Without taking any measurements, could 

you have estimated any of these Req'sS 

Which. ones and how? 

v - 

Comments : 
Procedure: (Part III) 

a. Now, how would you estimate the Req for 
the. resistive network in Part I. 

b. In Part Jrl,* circuits 4, 5, and 6 demon- 
strate the relative significance of 
resistances. Comment on effect; 



10 V7.£; 



; 4 ' • . - • 

, Rr ocekuf e,r ' (Part IV); 

« a. Using any four, resistors, connect them in 
.Cany chosen circuit configuration to. form - 
• •t^o terminal" networks and estimate Req for 
- _ each. ^Check with ohmmeter. . 
b; Try' several' combinations and- values. 





^ The two figures for Part I, 
EStperiment 4 



1.2 K 




I 



ik' 



IK 



;l.2k 



N 



N 
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N 
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:IK * 1.2 K 



N 





These six circuits are* for Part 'II*,. 
* s of Experiment .^4 _ ; . — - 

. I 
ExpzAAjn&vt 5 * ' ; : 

I. the Problem: ^Designing a divider network. 



A) Maintaining Bleeder Current at 
10% 'pf -source current » 

B) Effect, of adding additional loads 4* 
"II. New Terminology \Encountered 

^ Bleeder current^ 

propping resistor , 



Bleeder resistor 



.*»>..-' 

III. Student Background Required: 1 

0hm*s Law KCL 

KVL Familiarity witji lab 

equi/pment 

IV. Gerieral Notes: / 
This lab experiment/ has employee a sequence 

of problems ;* leadtttg the /student to thje dihiQn of 
loads voltage divider. It allows the student 
'much freedom and requirjes that he use! a bit pf * 

initiative on his own./ I ^ 

, ^The student should be informed that he 

will be unable to find exact resistors heeded; 



A 



i: 
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VProcedure: '(Part 4)^ * - i* 

Giveh^yqur power, supply^ an assortment of 
resistors ,^arid r a;. #43 Vbuib , design and connect 
a; circuit in^which the current through the bulb 
is -'90%*of. I l r ' This implies a second current 
path;. We will call ^ie- current through this path 

v .. . ■ " . 

The bulb shouid be operated as follows : v 
^:f^9 ibu ib 2 YoV V 60\ma\* *What *are the specifications 
^ ?6f the second i current path ? 

; NOTE : ■ ;bue / 1 6 si ze v ahd to ie ranees of res is tors 
available, it jnay be necessary to measure, some 
to -find, one- cl,ose;*.tOr value needed; 

/Procedure: (Part II), » . 

* In Part A of .this sequerice^we designed a 
^circuit dh?whichv^ c (Bleeder \Current) flowing 
through: the -Bleeder :Resistor (kJf equalled 10% of 
^ • ^We wi 1 1 .maint airi this rat io - throughout the 
experiment 

. Nqwy wi th.your power supp ly set : at 6 1 3V , 
design" and ^connect a. circuit that will allow the 
"bu ib ito opef ate i as before , according to sp ec i f i - 
cations given. This will involve. the use of 
another "resis tor ; R^' (Dropping Res is tpr) . * 

Procedure (Part 1 1 1-) 

\ GiyesLa second bulb, a #47 with the specif i-. 
^c^atiohs^listed^belowi connect it "to your circuit 
noting -effect; Measure and >t^. Have you lip- " 
set the ,1^ ;* fc "0:l 2 X * ratio?" Redesign your circuit 
:tb: satisfy-this requirement . 



• - #47. bulb: 6.3V, 150 ma 

Procedure: (Part iv) - 

-Now? with 'your supply set at 28V/ redesign 
your circuit to allow bulbs to function a? before, 
maintaining. ^?vs- ratio., h 

. J)afy6u;have to make any major adjustments 
iin/ypur \ : Sreyio^s ly connected circuits. If so, 
what changes? . 

Procedure: (Part V) 

; Design juid connect a circuit that will allow 
for ^proper operation of /the three bulbs provided, 



. < #47 bulb: -6.-3V, 150 ma 
#313 bUlbT 28V, 170 ma' 

Exp^njbnpit 6 ^ . 

MotiX. to imtmeXoK • * — 

I. The Problem:, identification i of aU^voltages 
and currents in a resistiveThetwork.; 
Measurements. * " 
Minimum- number -of measurements necessary; / 
Identification "of; Nodes?. 

Polarities* 

II . New Terminology Encountered: 
Nodes (primary and. secondary) . 

III. Student' Background Required :; 
Use-of -instruments: voltmeter; 
psciiloscopei^s^eter. , • 
Double ^subscript notation- " , 
Knowledge of Kircnhoff's Voltage Law- 

IV. General Motes: 

Primary nodes are junctions from which, , 
there are three or more branches; A secondary 
node is .a junction, between two elements in the 
same branch. 

" there are twenty voltages to identify in 
the circuit of Fig. 1. Ijdentificatidn\ of^four; 
voltages will permi ^calculation of. the « remain- ^ 
ing sixteen. (16) by ,KVL. ^or any circuit 'the 
minimum number- of Voltages that need to -be 



> K 



= 0 .T>c , and power supply set at 50V. 

*2.0V, 60 ma 



#49 bulb: 



known, is one less than the number of nodes; * 
s ^ With this kind of work .done in the labr , 
olratoty* the student should master KirchhoffJs 
voltage law and come to, a better appreciation, ' 
of reference polarities. The experiment should; 
encourage the use of mathematics since the stu- 
dent ^ay prefer to measure *four;Voltages ande 
CjoJLcxitatz sixteen voltages rather than measufe 
all twenty of them. The calculated values are 
much faster to "do. 

Fo/t the. Studztvt • ^ 
The Problem: Identifying alt voltages in the 

resistive circuit, Fig. 1 
Background necessary: Use of instruments, 
voltmeter, oscilloscope*. % 1 

Double subscript notation. t 
Knowledge of Kirchhoff's Voltage Law, . 
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-Procedure:; '(Part I) 

Construct the circuit of Fig. ^.observing, 
the indicated [-voltage ( polarities, and setting e^ 
-ahd-e^ ^^approximate the indicated voltages. 

* Now/ that the circuit has been constructed, r 
ypurhave;the problem to identify (by measure* 
merits or by calculations) alt of the/ voltages 
.in the. circuit . Before making; any measurements 
or calculations ; write- down (using double^ sub- 
script, notation such as V 2y V 4$> ?^ a ^ °^ 
the^possibie voltages. Do not* use numbers for 
these* volt ages as yet. 

After, you have, done thi s , di s cuss proc edur es 
by which^yqu might identify the^humericai values 
of the; vol i ages . When„ you ;are sat is f i ed , ask * 
^eranstructor f or Part I f of thi s ejcperiment , 
-where you>wi 11 receive some specific guidance. 
Hopeful ly > . you wi 1 1 hay e a lr eady , de cided • on the 
guidance needed. 

i' 2 3 4 
22K 



of measurements roade? Is there one set 
of minircum measiirements more convenient than 




Fig. 1 

/procedure:. (Part II) 

fpvassist you in finding, all of the voltages 
in -the j circuity you may wish to use' the chart- 
pfoyide^i -'Each square; except those on the 
diagonar> r can.be Used to identify a particular 
Voltage*. The square in row 1 , column 3 shall 
identify the- voltage v^3* ^ or eac ^ S( l ua ? e » ^ e 
subscripts are in the order of Kow-coiuinn. 

/Fill: in all of the squares ; except the 
diagonal. Measure if you wish, or in some cases 
*y ou . m ay pr e f ef to |ca 1 cu late*. 

How many measurements are actually necessary 
if you^ would use KVL wherever possible? Does it 
make any difference where these minimum number 




Procedure: (Part III) 

Repl ac e ei tKer , or bo t h d- c sources \pf T the * 
circuit with time-varying /functions, - s iritis r 
oida£, pulses, ramps as, you wish. 

Using the, oscilloscope for making necessary 
measurements, arrive at a procedure* for ijdVntif 
fyirig ail of the voltages. TCe'^ec^ 
using the scope,, with time -varying; functions, 
is. the important problem h er e. #> It is .not 
necessary to determine all of. the numerical ^ 
v a lues - for the vp 1 tag es • Once you dec i d e what 
vol t ages to me asiire , and how to measure them , 
the remaining voltages are best done by cal- 
culation. - * ' 

1 ^ 

Exp&unint 7 ' i 

hiotz6 to ItotAucJton. ' ' 

I. the Problem: Determination of Tfievenih's 

Equivalent Circuit in the laboratory for 

p 

any resistive .Network. 

Verifying Thevenin's Theory. 
Application to any resistive network; . 
Terminology Encountered: 

eVenin's Theorem v th - * 

Thevenizing R - 




Student Background Required: 
Pjppblem-solving backgrounding thevehin^ 

- ^ " v. 

• \ .IV* -.General Notes r 

- Although this is a heavily structured yer- 
- 'if^?*^9?'^. e T«P^>5nt it was desigrtedL 

: : through therusr 6f £ea^£ quw^&j to give 
*\ studentVTnsight into Thevehin's Theorem and' 
; hw^tp; emplpy : it v ^ef fectively-in solving labora- 
tory /problems. This; technique allows students 
*td; fihd JThevenin's Equivalent in the lab for :a 
networVwithout" doing any calculations ; 

Fd>t the; Student^ 

jhe<Problra:v Determination, of Thevenih's EquiVr 
v _ _ -alent Circuit; ih; the laboratory for any 

- res is^ye network. 

New Terminology Encountered: 



Remove R from the circuit and. measure ja i new 



X 



Vi which we will. call v. w . 



^h 



Place a potentiometer in place "of R and; 

T . * . . - - -u . ^ 
adjust until v now equals th ; . . • 

• - p , \ — ■ • 

. After potentiometer is set^ do not change 
setting.. We wili call this value of resistance 

*<nf \ . 4 . 

Now set up the. circuit of Fig. .2.usihg~*he- 
values - previous ly found and measure y . > ^ 

How, does this value, of 1 y o compare witK v Q % 
measured in. the first \step of this sequence? 

Comment or general i ze : 

^ r; • 

2* 



Why was P „ set so-riow v 
>' r ot _o 



^th: 



Thevehih^s Theorem 



"*ht,; 



Procedure; 



.given. 



Connect ; the- circuit; o^Hgj 1 with* the : 



values 



Construct- a resistive network of your own; 
choosing^ keeping all resistors, in the range of - 
IK to lOK and all -so^^s^uidcnr 20y« Select two: 
terminals (t) and (H) "about- which 4p-Teduce«theV r 
circuit. F6116w ? the preceding procedure i 

• " \ V 



2.2K 
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Fig. 1. / 
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Expedient f 

Notes ,tQ:ln&ito&ox f 
•I>. > Th^Problem:? introduction of Superposition 
J* theorem-' in\ the lab . 
li\ * Student' background required: 

;KVL _ \ . * 
^ JCCL 

* - v. -Ohm* s Law * 

Use of Dual-f race Scope - . 

Use of pual\Oscillator 
, . .Series Circuits 

jParailei Circuits 
* Series-Parallel^ Circuits 
- _ _ ; 0 £ i gual . D ; C . Spiirc e = 
III . New; f erminol ogy Encountered 
Superimposed- 
Su^rpps i t ipn-Th eor em* 
^ Attenuated 
XV % 'General ^Notes: 

^ This- experiment shou Id *• b e T " us ed b e fore th 
student is exposed .to .ther superposition theorem 
ih v the -classroom. In -getting started -in the ex- 
pjerment/ if/ the; student /is fortunate enough to * 
adjust thetd-c source iitet, then the a-c source, 
^the-superpbs ition » theorem (he r doesh ' t - know i t b y 
name) mayihituhim right jbetween the eyes, since 
-''he^ha^LtOk-adjust; the two -sources one at a time ^ 

'He might then v 6t>4 e/tye that the^d-c 1 level of v 

/*■ *■ _ r _ ' - r " i _ . "/ **- "J- • * 

'is/at^riuatedi <!^&Pl& that this is true 
because of -the vol tage (divider circui t , measure 
4 Wo Its j and cal cuflat e (4 vo Its . Th eni wh 1 1 e he 
adjusts the a-c source he may again do the same 
i i ne? 6 f reasoning ( ob s erv e , interpret^ -measure ,* 

* sdalculate)/f or the sine ^ wave and further observe 
that- the : i^&ucufed sine, wave is hapvumpohzd 
on the^ attenuatedd-c level. If he doesn't make 
.these .observations , et6i* ask hira to start over 
* again/ wi th tb pth : s ource s i s e t ini t i a 1 i y at zero 
and^watch^eji-and a littlo more carefully 
ufecfphe is adjusting the sources. If he still 
has trouble --fell and Shcw,. : 

For* those-thaVadjust the a-c source first, 

:ahd don't get the point because the attenuated 
d'-rc /value is not visualized as the average of the 

^attenuated sine wave, then suggest they start over 



again adjusting/the ^d-c source liMt'i 

Give them time to get the job done provided; 
they don't get toe- impatient or confused T The 
time t equ i fed to do it th ems e lyes mi ght b, e worth 
it.. Maybe ."patience 11 heeds to be taught as . 
somefliiiig worthwhile? ;* , m ; 

For those that finish eariy> be prepared 
to suggest other circuits/with .the. -two -'lii, 
different places in a circuit. 

ton t/ie Student ~. * . ./ 



The Problem: Determining the response* of a # . 
. resistiye circuit with^ more than ;one 
. source * y ' 

Procedure :T ^Connect tKe circuit" below .using; . 
your- oscillator and ,D,C; source to stimulate 
e^. oVserVexdoth .e^aruLy^ ^a s,.you /adjust; the / * 
tworsources to satisfy e^ Can you .fij^la. 
pfoc edure , d 1 f f e rent th an any th at h as b een* 
pres erited in c i as s , f or class, f or C al cu lat 1 ng 
•and interpreting" 0^? 
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ej = 6 + 12 s^in Wt, 



What is , the contribution of the oscillator 

to u 7 ? ; 

What is the contribution of the D.C. source 
t0 v 2 ? \ 



SINGLE -TIME^ (CIRCUITS I) 



The .subject of S^£e-T^e^Cq»u^atlSTC) 

CVLCVAZ& isjz study -and analysis of RrCJind R-L 

"circuits &at have one, and only- one, equivalent 

^capacitance in ^the s^C ciixujLjts and^only one 
* ~ ' V". - - " ," " 

^equivalent inductance in the R-L circuits ; Matfr- 

ematicallyi. the equations for such circuits are 

iiA^o^dzK tdffiikniM from the 

zvvb-poiz .standpoint, such; circuits have one* 

and only ^«ie, pole • They- Will have hd more than 



• \ " 

Every STG^ circuit ^exhibits ^exponential 
response -to an applied yo 1 tage th$t as a step 
• functioned? a ramp function^ The solution of 
suchjcircuit's ^simply amounts, to. ah identification 
of! the, three significant quantities 6f;-the expo- 
;tnentia is « the timer conis tan t th e as^ptqt i ca 1 
^value^md>^e-^iHai^yalue' for each, possible 
exponential s^isting&in * the response ; \^ 

z**With a sinusoidal source vol tage, the tc- 
sponse-of ;ey«y^STC; circuit is: -also sinusoidal x 
under s teady-rstate conditions . The. output vol t- 
age,/With-respect to the input voltage ; : . may 
exhibit «;a shift\in>phase and a r lesser magnitude, 
--never >-a.iargef:^g^nitude.. .The current any? 
/-.- Where in an/CTC circui t , may exhibitf a shift "in 
phase with^fespect to the applied voltage; 

- the SfC circuits cannot "Ring", Neither 
♦can -they -be used [ to, produce "Nulls" or "Tuning" 
effectsv 

Upbn^satisfactory completion of the subject 
:AV^^CAdi^ 9 ^9 student will have the abil- 
- 4t£*to: 

a. Recognize. those circuits containing resis- 
tances and capacitances (or inductances) 
that. are. single-time-constan^ circuits.. 
<^;b. Analyze ,STC circuits .when the applied volt- 



age is a step functiorii or a ramp .f unction, 
or , a sinusoidal function- . * 

Ci Determine the time constant of an STC cif-T 
cuit with ease* 

d. Determine the «R and C (or V ') at any 

eq eq ^ eq' - 

set of terminals in -the circuit using; 
:known techniques for circuit simplifica- 
'tidn. • 

e. Know when an exponential exists; to deter- 
mine its initial value, asymptotical' value 
andvtime^ cons Ant; and; to plot all expo^ 
nentiai's in their proper time relationships 
-to-the j applied ^oltagei, # 

f . Make necessary calculations when . am expo- 
nential' does not have time to cc^plete; 1 

% • * H^e comp 1 ex numbers to evaluate ST C v cir> 
cults with sinusoidal sources. 

h. Understand the -technique of analysis using 
S-equations. * 

i. . Determine and plot the -frequency response 

of STC circuits i * v - \ 

j . -.Correl ate s inusoida 1 response . with *expo - 

. nential response, 
•k. Determine power and -energy in STC circuits 
• and to understand their concepts. 

K n w the. physical properties, types and. 
* structure of capacitors und inductors . t 



Jiti 



* In addition to a working knowledge of 
trigonometry and algebra through complex num- 
bers and exponenrtal^f unctions , the student 
needs the basic concepts of d if f erentia 1 and 
integral caiculus. Complete courses in these, 
two subjects are not a prerequisite to the 
subject of ^TC circuits, \ 

Primarily the student nee4s to understand 
the derivative as a slope of a function and 
the integral as an area . These concepts, of 
slope and area will be„re-enforced in\the/STC 
circuits. 
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Al though t/ic uac. 0$ the S-pperator is fee- 
ofwnended; for a: study, of/ STC circuit j ..a formal- 
academic background: in .the knowledge of LaPlace 
• transforms is. not , and cannot be .considered^ as a 
prerequisite for STC circuits. A fcnaal know- ** 
ledge of *;LaP lace transforms may become a~ pre- 



requisite for the analysis of general networks 
which become more* involved than circuits rer 
str^cted to the s f ingle-tirae-coristant; area, 

The flow chart, presented here, illustrat 
eis the position of STC circuits" i'h.a curric^ 
ulum relative to other key subjects; 



RESISTIVE-CIRCUITS 



ALGEBRA 5 TRIG. , 
vINTRO; TO CALCULUS 




SINGLE TIME; CONSTANT CIRCUITS 



NETWORkS^ 




INTRO. 




PULSE ELECTRONICS 



.1*. Pf ppertiesxof Inductance -and/Capacitance . 
*Av S t of age ;6f energy in magnetic and electrical 

» fields ^ * * • 

i?f v?^^*HP5?.Eqa^o>i4 for inductance arid 

capacitance (Class Introduction arid Study) 



' 2.' 



1) 



2) 



and^L! 



d. Determination of G _ 

" Z^C eq eq 

/Series. ^ %(% /|^ 2. Parallel 

II i - R-C arid: R-L^ circuits with step and 

rectangular inputs, (Class Introduction and 
Support), ' 
A. Jnput • Waveforms. 

!>-* General equation 3. .Ave. value 

-.j, 2v iris tan taneous values 4. Rms .value 
B; Output response (Lab Introduction, and, Study) 
ilV ^Properties pf the exponential 
-x 



jriitial, value 
c. Asymptotical ~va] 
* d. . Time factor (x) 



ue 



T im e £on s t an t s 

at »,RVC 



Deriye' Units 



by R-L 

c-. - e^TC _ . 

3 . Genera 1 equa t iori ; f or c i rcui t * wi th 
exponential response (Class, Introduc- 
tion, and Study) 



e tc 



C. , Determination of p arid E when ex- 

/ \ o - a s — 

/ ponentials «do not complete (Class .Intro- 
duction andV Study) • / * " 

D. . Problem^ solving and application (Class 

Support) . - : 

T. Significance or* 5 time constants and 

c . / • ■ 

11 IS i 



as 



2. Reduction of circuits to single R 
with single* C^ for any set*of 
terminals .* * / • 

t * a. Application of Thevenins Theorem 
. b. Superposition Theorem 

3. Finding the three significant values 
a. Asymptotic 



c. 



^Initial . 
Time -constant 



III A RrC andlR-L'circuits With sinusoidal inputs 
A. Sinusoids . ' 

1>>* General- equation 

2( Instantaneous quantities 

3. :Kvti value 

44 Rms value 

introduction to reactances # 
Ci* Impedance* 



• Application. of complex; al gebra (Classroom 
Studxi 'Labr Suppor.t) 

.2V? Rectangular notation 
3> : Po\ar notation 
^. Conversibiv ■ * / 
5-., Mathematical man 

electronical quantities 
J 4U Addition 
" \b. Subtraction • 
c. ^ltipiic^a^ipn; 
,d'j bivisioh' 

t| v iSpiutionvof f prob lem c ixcui t s € or vb 1 tages 
/f^d^currents^ ((Classroom Study) * 



— / 



Lex .'conjugate 
Phasor diagram y 



A. 



7 



IWr itin grequatiohs ; 
2. Manipulatiohyof ^equations 

^Application of { phasor .diagram 
Bode or ^corner . p 1 ot s ( Lab Support) 
Transfer function equations 



V 



2^ 



; f j * and f 2 { c orncr f feqiiehci es ) 

Half4power point 

r3>db- 




4; 



Calculation of f ^ and f 2 (Classroom 

Study)'., 



Graphical representation 
a; Semi- log scaling 
b;./ Octave 5 decade 
■c> : Asymptotes 
d. , i Curve" 



IV. 

A. 
B. 
C. 



B. 

b. 



E_. 

f. 

6. 
H. 

i. 



VI. 

A* 

B. 

& 

D. 

E. 



1 



• Analysis by 'Locus .-Plots.. (Class introduction): 
1. Referencing. \ f 
2* Series- circuits *■ 
3* Parallel circuits i 

Differentiator and Integrator Circuits 
(Classroom Introduction arid Study) 

v Not true differential of integral , 

o w " • * / 



Approximation 
Inputs (Lab Support) 

* * 

•r. * Pulse , >. ^ . 

2;, Sinusoid .* 

3; Ramp > * • « >. 

Power dissipation in sihgle-tinorconstant; 
circuits (Class- arid Lab Support) 
•Definition * * A v 

Irist^taneous \ 
Average * „ 
Tfue^powef-vs-apparerit power/, r 
1 Definition of Vafs 
2. Keat dissipated energy 
Decibels "(db). " . * • 
Duty *y c le - : in? pa Is eft r a ms 
-Measurement 
Power factor 

.Maximum >power, trarisfer * " * . 

li. Conjugate .relationship 



between* Z, and Z - 

* \ i^: t h 

iriductbrs andl Capacitors (Laboratory) 

Physical- Coristructiori 

Types 

Ratings, 

* Models >for. each • , . " 

Q " * ! 



GENERAL GUIPELIWES r ' 

•The* information. and suggestions of these 
Gpiz/iaZ GuideJUneA are presented to emphasize 
the major concepts and the importance of topic 
sequencing in the subject of STC Circuits. 
Specific suggestions applicable to classroom 
instruction and to, laboratory instruction wiljt 
follow these gdrieral guidelines. / 
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Ttotee tiajon division* o& $tc Cucutts 

A study, of STC CLxcuit* has three major 
divisions* ' . ' 

Part I : Concepts of inductance, and 
capacitance. 
, Part. II; Exponential responses of STG.cir- 
. u : , , cuits with voltage, sources ihat 
» * w ' : are «&te^ # , AxwipAi #f&c*> and 
"rectangular waveforms • 
* Part III: ifceady-state sinusoidal responses 
■ to sinusoidal sources • ^ 
the/tiifee 1 parts are 'stated in the recqm- * 
:mehded*sequence of study, 

:Stqh£- WiXh ^ibimgi Equations 

The. four defining equation^, 'two for in- 5 

'ductance..and two. for capacitance, are presented; 
in ^e%t*9pical7putiine is one o f the topics to 
be presented apd^studied^e sub- * 

.je.ct»pf*sf^car^.itsy • , 

* \ The concept of inductance, or the concept 

. of capacitance , is presented as a proportional ity 
factor in these equations where iimt is one of 
the parameters. It. should be emphasized in these 
ear iy 5 studies ithat the proportionality factor of 

:induct^ the voltage across 

aii> element i/s d i rec t ly , proport iona 1 to th e . time- 
rate- of- change of current in that element; The 
quantity of J capacitance exists- whenever r the cu- 
reht in ah /element is directly proportional to 

..^e;-t^-ratepof-charige- of the" voltage across 
the -element:; \. 

The. teaching of STC circuits should take 
advantage, of the student's background gained in 

the pre V i bus sub j e c t of KzAibtivo: caAOlMa * Th es e 

advantages as they apply to the learning of STC 
'circuits^ are as follows:^ . * * 

a. _ yihe : student is equation oriented and shouid 

.feel comfortable with equations- for defined 
/ waveforms as well as instantaneous voltages 
^ aiVd currents . 

b. ^ the student is aware of graphical well 

as mathematical solutions. 
.^c # the waveforms studied in res*Stive circuits" 



d. 



allow for the omission of the traditional 
battery and switch approach to satisfy the 
students • curiosity f egarding,*a* step in- * * 
put. This allows for immediate; use of a 
rectangu.lar input waveform. * - /'• 
The student is able to reduce -.resistive, 
portions, of STC circuits 1 to equivalent 



. Models, 



Sequencing. oifjitt^Udh M:STC Circuit* . * 
the sequencing of materials in -STO circuits 
is b^sed on the premise that the student can * 
better 7 orient himself in regard «to the appreci- 
ation. arid understanding of indiictancfe and? , 
capacitance a£ well as their effect ^p^a«_cir? 
cuit if the R-L and R-C 'circuits are f irst _„ 
approached \w i th ; a .rectangular. . ifiput . \* 

JVt first the student is encouraged, to »> 
study the response of such* circuits > *hen>he ^ 
is asked to calculate this response;. * t 

Since the exponential is always t involved, 
in the response of such/ a circuit with- tjie * 
rectangular inpu^the students can best under- 
stand what ef fects , the inductance i and ; capaci- 
tance" have on the circuit if he varies the, ^ 
circuit barametefs., , ; ^ 

If t\e sinusoidal input were used to inH 
troduce these circuits, the student; would .find ^ 
it 4i? f icylt to appreciate the change that y 
takes place in terms of both amp litudc ^nd 
time. , T 

* 

Using tilt. LaboKcutony. EnviAomtnt, £o Fatfc 
.Advantage m • ♦ :r- 

The laboratory environment is used -exten- 
sively in this series of .topics to -ait^odace ' 
major concepts* because, as mentioned above^ 
both, amplitude ^nd tii^e. are now variables, 
which is not the case, in resistive circuits . 

The student has the. bacKground arid in-. . 

strumentation capability necessary for ob- 
» f 

serving, interpreting, measuring,* and pa leu I at- 




nvol\ 



ing the significant quantities involved, .which 
enhances and expedites his study-of Single* - ** 
time-constant circuits. / \ * 

The laboratory sequence does not begin with 

<■ X' . 
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the -»tasur€«ent of inductors and capacitors * 
primarily because it is more important that the*" 
student understand the response of circuits m 
caused by inductance and capa s stance. 

--■V- -- - m ~ % * * • "* w . »'k 

.. The physical properties and the characteris- . 

tics of inductors and » capacitors are reserved 
for study .hear, the end- of the subject, of SIC, 
Calcutta. This is ah attempt to give the student " 
a clear insight into the effect of "inductahce and 

-capacitance ^in-any circuit, and also to give him 
the practical Orientation needed before 4 delving 
into the physics of these devices ; j 

- ; r " ' y / A> T V 

The * 'ImM^mcevo j Tfcevatui'i Theorem A 

* *Mosfi but^nor all, STC cncuits can be^^ 
/duced'td a simple series circuit by applying 
-Thjeyeniiils- thebrem-to the resistive circuit for-, 
ti^hiof.a^givenscircuit. This procedure removes 
the -need< f v fof • deriving the: response for each and 
everj^TC^ 

*fqr -Vs^riife been-dohe-previ--- " 

ously* - r — " * * J 

? In additiohV the equivalent series circuit , 
will reveal information as to attenuation factors, 
.circuir -time-cons tant and -asymptotical values 
Vfdr-\«gonehtialVresp«nses-. 

-The -tbpicai/Dittt.cne and; preceding t comments 
of th^e GeneA^rGt^eAdieA -suggest that^STC , 
circuits* shbuld^be studied with ^step ahd'ramp 
Voltages a^liedvbef ore STC circuits are studied- 
wi^di si nusoidai sources ♦ * f 

\ Gping^directiy --to a study of capacitiye 
and; inductive circuits with sinusoidal sources is 
discouraged. Only STC-circuits/haye exponfc.tial . 
responses tovsteps. and , rimps. Any linear capac- 
"ritiye^wd'/pr inductive, circuit, no matter how 
*mahyiC!s -&^L f -$i= WilLhave a sinusoidal response 
t^La sinusoidal source under steady-state coridi- 

-tions- > / / ! . - .v 

Once* circui ^analysis with. sinusoidal 



sources ^started, = there is no Ipgical place to 



A study 



disc9htinue|or .inteiyrupt such ? studies 
*'p£ circuits with exponential responses^ is essen- 
• tially completed with STC circuits, Multiple 



time-constant circuits do not have an exponential 
response to step and ramp functions. 

Circuit 'analysis under sinusoidal steady- 
state conditions requires a working .knowledge 
of complex-numbers an& the j-operatbr. The * 
need for a knowledge of this, topic, in mathe- 
matics is delayed if exponential responses are; 
studied ahead of sinusoidal responses. \ 

, An important concept of circuit analysis 
may become .more, difficult to master* if not 
lost completely, if exponential responses dq 
not pfedede sinusoidal responses. This concept; 
involves; circuit time-ebnstarit^ which are tki 
significant quantities for any kind} of driving - 
function; it must: be recognised that Jthe cbn- 
"cept of : capacitivc reactance/ tfr inductive . 
reactance (haying the. unites of ohms) is appli- 
cable only 'for sinusoidal steady-state cbhdi- * 
tibris. • • m 

-Although*- the: S-operatbr ; has reference to - 
UP lace trinsforms; its fr uae is encouraged" even , 
though;the student, will hot have a. formal; back T 
ground, in th> topic of LaP lace trans forms at 
the time when the., subject qf.STC's is .offered. • : ; 
in the curriculum, i%% • 

. The S-operator is needed, primarily, for 
the purpose pf deriving the response of an STC 
circuit. ijan be done in one or two lecture 

periods. The table of transforms will reveal 
whether the circuit response is, in exponent iat 
or a sinusoidal function. The p rob 1 em-sol ^ihg 
portion is the more time consuming. The tech^ 
hique involves going directly to the fenowJit 
response to identify the exponential when it * * 
exists, or, the sinusoid when it exists. 

CLASSROOM GiitVELtNES 

The information and suggestions presented? 
in these ctaiMoom QtUdtUnM are directed 
specifically to the activities of the classroom. 
* Any references £o laboratory activities are 
i$ated for the purpose, of jemphasizing' that 
certain concepts are more easily learned in the 



laboratory tthah in the classroom. 

$Kopi^QAe6&\ Inductance and CapacUtknce: • 

vim thV^preceding study of resistive circuits 
«we^wefe^faced^with A getting started in the study.- 
>We4b£garHby -considering, the physics of,electric- 
;ity> leading; "into-, a definition of voltage as a 
;f OTce-^ndxcurrent .as, a rate 'of trans f er of 

; char ge? r esu 1 1 i ng< f rjom ; th e app 1 ic a t ion of th e 
if qrceY ^"Ke|e^ defin i t ions , a 1 though r a th er s i mp 1 e 
. minded i : 1 ed v us to 'the pos i t i on wh ere - w e are ab 1 e 

' ^ : ^^^ i; ^^^* lce a $' ihcrytattp- between i/o££age 

< a^^a^ent, : rproyided:^is Jratio, is not also 

.^'depe^i^t^^on-Jtwie';-" 

. * - '^Likewise * , through a ..s tudy * of . sing le-t ime- 
- ;cons tafft : xircui'ts :we^ can; define inductance as 
iwe 1 r.>as.^capac i tahc e Hn t eriris> o f \yo 1 1 a g es and 
. curr ents^L th ££me as i a th i vd d^^ndept f ac^o r", 
JThe ^def ining;iequatibns , Which are -expressions of 
, ^diffejrenti^ and integral calculus, 

j should^ no t^be avoi d ed even . i n th es e e^r ly s tud i es • 
; ^TKis maypbethe student's' first exposure to dn- 

tegfal^^pr ess ions but he will already understand 
f rv tke--concept; of a derivative from titeiitivz qaA- 
-CitctA -where he;.determined resistance as a 4-£ope 
■ •on-aivoi^Tafepere graph. Now, for inductance 
fand* capacitance, d&iivativeA with teapect to 
Xune* a/ie%needed. r ? 

' ;The. laboratory can be used to great advan- 
tage, 'in -these early studies of the course, to 
gain an -understanding,- of the properties ot in- 
.ductahce-and^ capacitance, where it can be ob- 
"served that it takeA timz for a capacitor to 
charge .in ah^R-C series circuit where a step 
. voltage -is applied arid that it takte >twz for a 
current to change in an R-L series circuit when 
a. step_ voltage is applied. There are a number 
of laboratory approaches ,to this problem, Jbut 
. in any case the early emphasis should be on the 

importance of timt. The ex'act analysis and cir- 

* * • * 
cuit calculations can come a little later. 



What about the charge, Q ? 



\ 



^ Students need to know the relationship of 

• c 



v 



which is derived from the defining equations 
for capacitance. Thus, 



• /dQ 



" C. 



Similarity, from the second form of the defining ^ 
equation the same result is obtained, Thus, 



i* 

* L dt 



<*2. = r — c 



dt 



dt 



Q =.0/ 

* - 
^The important point being jnade here is j 

that the defining .equations, in the differential 
or integral form, represent the starting / 
equations for all derivations^ "involving capac- 
itance or inductances this approach leads 
more quickly with more' satisfaction to the 

student to the important activity*of the course, 

' ■ t' j* 

which is to analyze the response of STC cir- f 
cuits to different driving functions/ Spend- 
ing jnore than just a very little 'time pji the 
physics of capacitors and' inductors at this 
time, especially in the classroom/ is strongly 
discouraged. The physics concepts. are more 
appropriately done later in the^ course or per-* 
haps in a physics, course. j 

SoAio^Md Pcui&tlzt Equivalzrtkz &oi C'6 and Vt> 

The defining equation ^or C's and L's 9 

provide a convenient means /for derivation of 

C , or L , for series an<i parallel combinations 
eq' eq' ( r 

With twp ; 9r more, r C's in/ series we write, 



Vol 



"J 



then by substitution o£ defining equation for 
each capacitance we have, 



i ?n 



j . 



f \fh 'f^i ^}—ndt + — r £-/idt 

>consequentiy_, by collecting coefficients 



of 



7 



1 2, 
L eq 



' n 



I 



3 % h . 



- — »-) /idt = ™- /idt 
n eq 



the -following similar sequenceyof equations 
wouldfbe used- for Vs in series except for the 
^need of using the differential form rather than 
'Ae^integrai^form of the defining -equations^ 

-ftusytfpr%-fc*-in;"series, 



e^-=: I/: + + ----- — +i/ 
s; 12 r 



r *lndt' + L 2 dt * 



- n dt 



eq dt 



-+L ) # 
n J dt 



^ Notice* for the series combinations that 
^the-equatiohs are written using Kirchhoff *5 
yoltage law. Fpr parallel combinations we need j 
to- start with Kirchhoffs current law. Thus for current in a STC circuit. Of major, importance 



Exponential Ru>poru>& o& STC CinCuM* 

Up to this point we have been get ting J read)/ \ 
to handle STC circuits. There may be other 
introductory kinds of material leading up, to 
this point that the Instructor may wish to. 
include. . • **" * 

"One of the* major concepts to be included . 
in this course is that an N STC circuit, will re-, 
spond to a stepy rectangular, or ramp input 
in the form' of an- exponential, Therefore,^, 
the student must be familiar with exponentials. 
It may be Besirable in some cases to: approach 
the exponential from a mathematical basis. 
However, in order to' handle the problems en- " 
countered, the student must be able to analyze 
an exponential response,' including the identi- 
fication jf>f initial values, asymptotic values* 
and time /const ants, as well as to use these 
values in the general equation for voltage of. 



- r 



C\s- in; parallel ~, we would find C through the 
-following sequence. of equations, 



c s = H + *2 + 



L l dt C 2 dt + + C n dt 



n J dt 



= C 



eq dt 



For inductances in parallel we have the 
following sequence of* equations to find L 



eq' 



s 1.2 



= \- /tfdt + — fvdt + + Wi/dt 

• L l H ' - L n 



here is the realization that initial values 
of current or voltage when the source, steps are »- 
a result, of condition? in the circuit just 
before the source stepped. . 

. Approaching this problem from the aspect 
of one time -const ant yielding 63% of asymptotic 
value may provide qualitative insight for jander- 
standing how. the circuit performs f but it is * 
not engineering technology level -of performance. , 
The graduate from this type of program must he 
competent in forking with the actual exponential 
equations involved. 

^ Following these considerations- the general 
technique for solving these problems i£ deyelop- 
ed and the student should solve a number of 
these problems at this time. In order to jfully 
understand these circuits, several cycles of 
operation must be plotted, emphasizing that the 



1?1*. 



original quantity is a result of what has happen- 
,*ed'4befpre. 1 / 

The sequence of, classroom activities for 
4l this topic .will relate closely /to the laboratory 

activities as presented more specifically in the 

:&uiuloidal Rtt>pon&e. STC Ci4cwL£t> , l 

.The mathematical- basis W Which this/ topic 

is" built is complex algebra. jit is assumed at i 
. thisi point that the student has coveredrthe j- 
' .operator /inv his -study of mathematics .soothe 

treatment .of f ,this -material is from' an application 

/basis-;- -JReactahces are appropriately Handled as 

* ■ * f 

j(oi?andV ^lt with writing impedance as' R plus 

these , react ances . (Rectangular Form) . Appibach- 
ing ynpedance ; calculations = as the 4qua*.c. *oo£ 

% should be avoided if the stu- 
dent is to develop an understanding of, STC cir- 
cuits with /VinUsoidal" Inputs . j 

This \top£c lends itself well to application 
of the "S operator", where S is defined as S=jw. 
If, this approach is taken, S should be nothing 
more than ah operator and reference to LaPlace 

- - - * . ■ • * - 
* -As- with our study of these circuits with 

rectangular inputs, many problems should be done. 
This -may be an appropriate,! point to include a 
study of multi-phase circuits now that the math- 
ematical basis has been* developed. 

It is appropriate to include at this point 
in the sequence a study of the use of bode or 
corner plots in relation to frequency response 
of circuits containing reactances. Among the 
merits of including this topic are the following: 

a. Having written a vpltage or current equation 
for the circuit, the student can now trans- 
pose it into the /transfer function form. 

b. It allows student to interpret general as 1 

* well as specific circuit response by putting 
"actual circuit values into the equation. 

c. The student is working in the frequency 
domain, which' will prepare him for the 
following network course. 

The student should be, instructed to withhold 



ihe insertion of circuit values into the transfer 
function^ equation until he has simplified it. 

Inclusion of a consideration of locus plots 
may aid in understanding frequency response of. 
STC circuits, and will lead to their use. in_rietT 
works i * 

Because the s.tudent will have frequent en- 

counters with differentiator and integrator 

i L \ * * . V 

circuits throughout his study of electronics,' 
• * _ 

they should be covered and this is the natural 

point in the sequence to handle them. 

StuditA Iking the. S-0piMto>i> 

On the following pages there are circuits i 
equations . and. graphs presented -to illustrate* 
the use of the S-operatbr and its value in ' 
'^quickly and easily showing tjie relationship of * 
an exponential response to sinusoidal response. 
These are identified as Table I, Tableau, and 
fable III. (Turn three pages). 

Twelve circuits, all series circuits, ,afe 

shown in these tables. There are a number of 

other STC circuits .that can be reduced to series 

circuits to apply the concepts presented in 
» 

the three tables. * r 

Examination of the circuits, equations, 
response sketches, and bode plots for those 
circuits treated here reveals some interesting 
information. Specifically, once the charac- 
teristic equajtion is revised, many circuit 
properties can be "read 11 directly from the 
equations and the others ,of importance appear 
when this characteristic equation is taken 
to its limits (S goes to zero and to infinity). 

However, it must be pointed out that 
these studies are based on several predeter- 
mined assumptions. They are as follows: 

a. No energy is stored in any circuit 
elements previous to. time t = zero. In 
other words, there are no initial condi- 
tions. * £ 

b, The step function input has the magnitude 
of unity 

i 

e x * I ult) 



, c-.\ .When; the revised equations- are taken to 
thei"r7limits, the dimensions of the equa- 
^ions<must remain intact. For the equations 
of ... these- studies, they must remain dimen- 
sioniess r . " 

With these considerations firmly in mind, 
>tRe following .outline will .aid in ^reading" the 
reyis^dKcharacteristic equations. 
A r Initial- Observations . 

1. The time constant for the circuit appears 

.as the root of theequation pole. 
X. Jf a-cprefix appears in k front of the 

• equ a . t i 6n a th er e are s ever a 1 pos s ib i 1 i t i es . 
,a .> pimens ion 1 ess : This occurs on ly when 

theequation contains a zero [(s v + a)] 
-* a - t efra vi in th e nume rat of ; « * Th e ab s ence 
. :of sbpfefix is^fead:as<av prefix- of* 
onej(i); this quantity indicates the 
scalar for the step that .occurs on 
vther output when the input steps . 
4 - b. Dimension of (1/time):. This occurs, 

6nly;when the equation contains no 
f zero term in the numerator. If a 

step is applied to the input, the 
• i initial slope of the exponential on 
the output is equal to this prefix. 

•B. If- no zer6- t appeafs in the equation, 
t "* 4 * • 

1. The output does not step when input steps 

(assuming no circuit changes). 
There is only one bode corner (root of 
the equation pole) . 

Prefix indicates the initial slope of the 
exponential. 
C« If al zero appears in equation (numerator) . 
1: The output will, step when input steps. 

2. Output step magnitude determined by equa- 
tion prefix (dimensiojiless) 



2; 



3. 



3. Root of zero 0 / 

(a) Additional bode corner appears. ' 

(b) w of additional corner = root of 
zero . 

Letting S (or a>) go to infinity */ 
1. Simplify and read > l * 

(a) Level of bode plot at high f 

(b) ' Magnitude of step at. output 



E. Letting S (or w) go to infinity 

1. Simplify and read. < 

(a) Level of bode plot at low' f / 

(b) Asymptotic value with step input 

F. Compare* exponential response with bodeplots 
1. When one rises, the other falls. 
2. 



E Q =Ottgh frequency level. 
E as = Low* frequency level. 



W/uiting S-Equation6 {^ok STC (UacllUa 
* Circuit equations using the S-operator . 
are easier to write, with less confusion,* than 
'equations using the j-operator. For one 
thing, there *is less need : to .watch v for proper • 
use of n +" and sighs. Students adjust to 
the use of the S-^Qje fat of quite readily. 

Example 1 




For the R-C. series circuity the S-equation 

for the voltage across the capacitance is, 

A \ \ 

' _ SC 



R + 1_ 
SC 



v o(s), _(s) 
where it must be ^understood 




d U o(s)V nd 
imensions untrl the 



E, * are undefined as to dimens 
(s) 

nature of the driving function- is given or 
known. If the source is sinusoidal and steady- 
"state conditions are desired, then let S=jw- 
and E can now represent peak values or effective 
values as desired. 

If frequency response is desired, then it 
becomes .necessary to write the equation in the 
following form, 



Vs) _ 1 



: (s) 



RC 



s + JL 

RC 



(Eq. 2) 
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The corner frequency is found fifom the 1/RC term 



\ 

of-the | (S: + !/RC) factor. Th 
the equation? j 

•Returning attention to Ej 
;is, a-stepi simply^eplace E^ 



is the "pole" of 

2, if the source 
bV 1/S times 



magnitude^f^sfep, go to a transform table to 



\T as* a. function of timi 
expon en t i a 1 res pons e . 



f Example; 2; 



It will be the 




N < * 
Tlviiz PoSUblt torn* oi S-Equdtiotu> to* . 

STC \(UaojuUU 

* An interesting fact about S-equationSi 

is that one has a natural desire to write 

the equation in a standard form, -r wJfcSch 

are factors of IS. 

There arejthree, and. only three, forms 

that S-equations can have for STC circuits. 

They are: ! 



First Form: 



"Second Form: 



o(s) 
E (s) 



s + 



rO(s)— ^ . S 



/ 

/ Third Form: 



E (s) 



E (s) 



S + 



s + % 



For this circuit, 



'o(s) 



E( Q >i c **2 \ SC 
w R t + R„ + 1 



sc 



and '.to -get the equation, in convenient form, we 
need to express numerator and denominator as 
factors of S. This is done as follows: 



V o(s) R 2 SC+1 . 
E (s) " ( R l +R 2 )SC + ^ 



R 



2 



S + ' R 2 C 



R 1+ R 2 



S + 



(R, ♦ R 2 )C 



The steps in the above amounted to. 
multiplying numerator and denominator by SC and 
then- factoring, out the coefficients of S in 
both numerator' and denominator. 

• This equation has one pole and one zero. 
They are identified on a frequency plot in 
Table* II, on a previous page. 



Observe that* there is always one "pole" 
and perhaps one "zero" but no more. lfiese . 
three possibilities exist in the illustrations 
of v Tables l\ II and III. 

RzcommzndotLont> on Itoe o^ S-QpQAcuton 

Each ^instructor -will need to make a, - 
personal decision asJtq the extent he wishes 
to use. the S- operator. Remember, however, 
th'at it does net replace the conventional 
use of j and jo>. It is in addition to r 

If the S-operitor is not used, then there 
is no convenient procedure of analyzing the 
response of circuit* for any \und o& d/Uv<Lrig 
function. The association of responses* to 
steps and sinusoids is- particularly important 
as illustrated in three tables. 

The S-equations. do point out the impor- 
tance o' circuity time- const ants, which are 
\ 1 r **** 

significant ftfr any kind of driving function. 

Without the S-operator, there can be 
excessive emphasis on olvm-o^-KQAcXancz for 
Vs and C ! s, a term which applies only.- for 
sinusoidal stejuly-state. 
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STC CIRCUITS LABORATORY 

The suggested experiments which follow 
are inCtwo^major .groupings. The first group 
.(Ekperimwitf ^A, IB, 2A and 2B): represents a 
( sequencing and grouping of circuits designed 
to develop an understanding and .appreciation 
-f or ^e exponential responses of simple STC 
circuits : tha t^ex i s t when -step yd ltages are 
applied./ ^e^secorid^grdu^ (Experiments 3, 4, . 
5:.^::6)vire^sijpied to jdeveiop an understand-, 
ing *ahd ; apprecia t ion^ for the s inusoida 1 re- 
sponse ' of ^simple ~STC circuits when sinusoidal 
'Voltages « are applied;^. 1 ' ^ 

-Epf^those v experiments hav i rig more than one 
\part;;f qivthe student; it is .recommehded that* 
\the^s;tuden^^ before receiving 

* xfyp next;.part:of the. experiment. The. students _ 
should/be^ ;s a : inf ormech of this'p 1 an a t the v 
start col; thell^dratqry, session'. The hope, here, 
is<that -*Ke* sfiident Wil 1 anticipate his needs 
f or guidance to continue his studies ; 1 

t * - " ' f r . * 

^PERIi^:lA • 

I ^TOe;:Frobi«a: * 

Introduction to exponential output of 
STC with: rectangular input. 



II. New 'Terminology Encountered: . 
Exponential * Asymptotic Value 
mhy Original Value . 
Time factor ufd 

I I I. Student background needed: 

Resistive circuits, use of scope, , use of 
function generator i .square-wave generator, 
or unit pulser;' 

IV. General Notes: 

In Edition* to the main "message" of 
this sequence (with STC: Rectangular in- ' 
put, - Ejqponeritial output) the student 
will discover that there* is. a duality , 
existing; betweenr R- L and RhC " circuits 
with siune time constant . He will "find 
Jtoo, the. effects of varxirig:R,LiC, and, . 
| ^ © s on the three- is i^ificant quantities, 

* on tJie exporieritiai. He will; alsb^find^ 
that by varying parameters to= extremes 
he % wi 1 1 overcome th e exponent ial re- 
sporise;. This^sequence begins iri^a: 
rather- restricted* fashion -and as it , 
progresses, it allows the student more 
and more freedom to control, the lab 
activities. 

In Parts 1A-2 arid 1A-3, the exponen- 
tials vary- from completiori in 1/5 of 



J 




m. * 

i 



4 



Fig. 1 



Fig. 5 



te 



I— 



Fig. 2 



\ Fig. 4 



Figures far Experiment 1A: 
R = 1 K, C = 0 .1 ufd and L = 100 nifty " 



9 

I 



e 



128 



-; ; \ '•■v 



.> ah interval to ^completion of 1 exponential 
, in anifinteWal^ In Part 1A-4 the" student 
. ii allowed to experiment ieyond these, 
limits,. * 
• A.\ v It ^ might/ Well be mentioned at. this point 
that the. inductors used are Tofids ($6 . 00-7 . 00 
?ea-;)i with extremely low values of R. .If" a sine> 
square f generator is used by students 'for this 
• experiment, -a cIN34 diode should be used across the 
generator ,t'o? produce, a .positive pulse referenced 
at zero Furthermore, caution must be indicated 
JLn \teaiing*with --the.RVL circuits so , that R: is 
not- takemso^iow- that it excessively loads the 
signal/ source .v. - * . ~- 

The Problem: Evaluation of voltages in single- 
- * F .timer cons t an t .-cir cu i ts - > w i th s tep , 
; / ^ r rrectahgiilaf or ramp input; 

Ptocedwii fjaM 1A-J K 

1. Prepare, for a creative laboratory study of 
^giveh circuits. Note:- For each of the 
jgivjwv* circuits, e fi = iOV square wave* with 
^period* of ;0. 2 ms (calibrate generator 
frequency with scope) ,. R=lKfi, L=100mhy, 
CF.lufd. ^r- ' V J 

•Observer e , and v for each of the following 

* ' o- 
.cifcuits;^ (Do riot plot or record the wave- 
forms' at ^th is time.) t fc 
3; Interpret with respect to e g . — 

a.^ Are there any similarities in these 

waveforms? - 
b- there any significant values on ' . 
I .waveforms to observe? 
c. 'What is, each V Q interval composed of? 
dw Whatjhappens to V Q when E g steps? 

4^ Measure and plot each V , carefully noting 
all significant voltages and time quanti- 
ties. 

1; Nc^take„the two- R-C circuits and values 
given below (Same e g ) and obteAve. effect 
of varying R and C as indicated on v q . 

a. 0.1 pf 

, R s 400 ohms to 2K 

b. C = 0.01 uf 

= 4K to. 20K- 



2 : . 



c. C * 0.001 v»f . v 
R = 40K to 200K 

2. Interpret: What is the effect of: 

a* • Increasing. R? 
b/ Decreasing R? 

c. Increasing C? 

d. j)ecrpasirig C? 

PtioczduAz; PaJvt M-3 

1. Now take the two R-L. circuits, used in. 
Part A and the values given below and 
observe effect on \r of varying. R and 
L as indicated.. Use same e g * 

a; -L =, 100 mhy 

, r * -z.sk soon $ 

b. L = 500 -inhy- ' - 1 

r ;-s iY.sk 2;5Kn . } , 

2. Interpret: What is. the ~ef feet of; 

a. Increasing R? ? - 

b\ Decreasing R? 

c, IricfeasingiL? 1 t . **' 
<*d. Decreasing L? « *" 

Vou;have observed that in each part .of the 
experiment up to this point, that the output 
voltage (v )' of the STC circuits with rectangu- 
lar input has been composed of exponential 
curves . 

You, also have observed the effect of 
varying parameters in the circuit withiri 
restricted ranges. 

1. Now vary parameters as before beyond *, 
» ranges used earlier. Observe the effect 
on exponential segments of output wave- 



forms (v q ) . 



2. 



Vary period andpulse width x>€ e g and' 
observe effect. fc 
3. Replace e^ with ramp input and observe 

output . ' 

t 

It is evident at this point that a STC 
circuit with r ectangu lar^ input, has^gn^output- ' 
voltage made up of exponentials. Through t 
varying parameters we can change features of 
the exponential . You found that you "could 
vary the initial valve (beginning value), M 
asymptotic value (final value approached) and 
the time taken to complete the exponential. . 
curve, by varying these parameters. 
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1 &p 



"I; IhetPfoblem: . Identification of initial, 

'' * * ~ \ - \ *V * ' * ' - 

asymptotic and time^coristant values for 



II 



s ingle - time -rcon s tan t c i rcu i t s . 
. Ne^Terminology Encountered : 



Mil \StU(ien^ ^ckground needed : 

Introduction to STC arid exponential 

IV.; General Notes: i 

T^is introductory sequence iritroduces 
-the^siudent, to the three; quantities that 
identi^y^n i exponential, and f how to measure * 
them . ^ jThV, s tud ent gains expe r ience i rL 



o f 
ERIC \ 



.identifi 



icatlori of E arid.E as Well as 
the l time constant and its .measurement arid 



addition -„ the time con? 



calculi ion, 

s tant ijs) ueve 1 oped i ri the 1 ab oratory i _ an 
a^roachrthat is unique. This technique 

_ 4*a^s'=^ tf* e 
time cons taunt;- arid provides a <bas i s for- 
i^P^i^lPP^^^f the general equation 
f or-van|exppneritial . If a sine -square * " " 
,generator^is>used by students: for this 
experiment, a IN34 diode sfoujui be used 

\acrossjgerierator to produce a positive 

. pulse' .referenced at zero. 



As in previous laboratory sequences j, * 
each- part should be handed, out individ- 
ually arid the student should present j his* \ 
Work before being given successive parts 
of the experiment . f - 

Fo* tki :Stiudtiyt • . 

In previous studies of sirigle-tiraercori- 
stant circuits we discovered that when the 
driving function into an STC is a rectangular 
waveform, the output is composed of ^exponen- 
tials. TTiis is *aJso true when; the input volt?" 
age is a ramp or . tri angular waveform . Conse- 
quently , 'we; must be ab ie to .evaluate: tLe\ex* - 
potential by identifying the. significant 
quantities on it* ^ - v 

There are three. sigriif icarit quantities 
th at are common ly us ed t o d e f i rie an i exponen- 
: tial. Theseare as follows: 



A. initial value (E 



Point from.; which exponential begins: 

Asymptotic value (E , I ) , 
* as as 

Value exponential approaches; upon* 

completion,/ s 

Time Constant "(t^) 

t . 

Measure of time, exponential needs 

, to complete. 

This laboratory experience will deal with 

these three quantities. 



/ 
/ r 



/. 



c. 




J V" 



/ 



The Problem: Identify initial and symptotic 
values as well as the time cori- 
stants 'for. exponentials. 

*lWcetfu*c:~- /Pofct IB- 1 " ' . " 

j1=s. ;F6r* the .given, circuits, graph and - 
measure the final value that exponential 
approaches ♦ This value is /termed E ag . 
.=R:«40KiJC = -.01 pfd.an'd L,= 100 mhy. 



".Si ? 



10 V square wave w i t h pe r i od of 0^; 2 ms . 



\2-i :Find'e s ,for exponentials in v . * 

-f ^as ^- r •• o 

.■3:* Vary R, LV and frequency of e g well 

as reducing maximum value of c . Measure 

:,7 r * \ , s 

for cachi exponential on v «-.. 

*as - - • r • o 

? a; What: effect oh E of v does varying 

, - . . * - \as : o. 

'S these/ parameters have? 
ti ; fpb . all' exponent i a 1 s « meas ii red comp 1 e t e ? 

,4v. ^Estimate/yajues; of E^ s for those exponen- 
• tiais that; do pot complete* 

^Pjwcid&ii iPqki J8-2 V" j 

",lv -Usirigrthe same four circuits and values * 



- / 



'given in Part 1A-1, graph V and measure 
the original value for each exponential 

* :6n ; V A waveform. * This value is termed E , 

:P * ' v ' \ o 

2v- Vary^R, ; -L; »C, a and frequency of-e °as well 
as reducing maximum value of e and meas- 
Sre*j|ijrfof each exponential* in ™v 




a. What .effect on E and a; does varying 

o .o - . 7 , 

these parameters have? 

b. Do all exponentials in v begin at 
zero? (E/ =0) * * > 

P*occc(u*c: Part, 18-3 

1. Connect the. circuit below with the values 
given and examine v q . R = IK, C = . 1 jif 
and e g = 10V square wave with period ,of r 
2 ms. The output v q that you have ^examined 
is made up of two exponentials* 

2.. Let us concern ourselves with the expo- 
nential (tf) . From your studies of mathe- 
matics you know that this .curve -can be 
represented as 10 e " x . When x in this 1 
case is. equal to unity (1) the voltage 
is approximately 3 ;7V. Another way to * 
look at the voltage^ at this point is when 
the exponential has completed; 63% of 
amplitude change from E Q < to E ag . (10V - 
3.7V = 6.3V). , • 

3. Measure the time needed for this voltage 
to go from 10V to 3.7V; Call this t^..." " 

Now examine the R and C in the circuit.- 
Let us take the product of R and C in - 
terms of the. units involved. 



R XJU* 0HMS-X $ = Volts x 
"T^ " E Amps 



Couiombs =s 
Volts- 





Fig: 



IOv 



Fig. 3 
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Coulombs 
" Amps; ; 



Coulombs 
..Coulombs . 
" Sec 



= SEC 



The> units for t.his product ape seconds • TIME 

4* ^Calculate for your -circuit. • , 

rSj. Compare this product with -tj measured .* 
-earlier; 7 i 
We referred earlier to the point when the 
-exponent (ix) is equal to one (1) in the - 
'equation:, £or the "exponential "being £5nsid- 
„, eired. X is now defined '^as J\t^ . /Therefore^ 



the equation for th e curve i s now vexpres s - 

<ed>;as 1 ' ** 

v-^:ioc^ 



6. 



Recall that when >t_- 1 the exponential 

has gone 63% o£'the amplitude change b 

between E and % E v . f r6m this then, we 

o as • . v v , ^ , 

can measure the :£f an exponential./ 

Repeat Parts IB* I .and 1B-2, measuring f- 

* o - c 

as well as calculating t c and comparing 
this, measured value t^o your calculated 
value. . 

o 
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EXPERIMENT 2 A / . 

r ~ - - * / 

* ~: - * , / - " :a 

.TherPrpblcm: 



\ 



The ^termination of v q . for single-time* 
constant circuits coataihing more than one_ 
-R^:L, qr-.C./ (Rectangular input) 
11/ New, Terairiology Encountered! 

None. ^ 
rill .' Stuaent background needed: 

Resistive^ circuits; the exponential 
response; familiarity with E a g, e g ., x c ; 
- .u$e? of the" dual trace scope; use of the 

puise4geneft^or. * i* 
:iy.; General'/ Not esip 

In ^laboratory experiment #1 in this , 
: ". sequence the concepts o f , the exponenti a 1 
response, ^the three defining quantities 



hiques -of finding-- C and for .both 
series and parallel configuration have 
been developed, as well as the general: 



\ 



tion for an. exponential . 



equat 

The student is now ready *to handle, 
more complex STC's and deal with resis- 
tive, capacitive, and inductive voltage 
division^ ; ' 

The values of- C and R selected for--^ 
-this sequence of Circuits are commori^arid 
should be available in any laboratory^ 
situation. YIhe' inductors are. the same 



"toroids used\in experiment No, lA*and 
:Noi IB, with extremely, low values* of. 



resistance 
that when 



7* 



i 



on the exponential, and the identification 
of 'these quantities were" developed* It is 
jassumed; th^t in the classroom the*tech-* 



TJve-stUdent should be: warned/* 
is using inore than -j>_he 
inductor, he should space thenw4o that 
. coupling between them is kept at a minimum* 

... y ' * • t ' 

The source used is a\unit pulse ^ 
"generator. 3he repetition rates are 




Fig. 4 



erlc : 
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♦ * 



1? 



f / 



*:kepfc in the audio range. A dual- trace 
* . -oscilloscope is used arid the student 

-shod Id be warned to be sure to "float 11 
the generator and use a common circuit 
ground . • N ' \ * 

- * v* ' • . . ' V- • 

. As' iri previous experiments in this J 
sequence, each part of the experiment 
shquld-be handed out individually, and v . 
the^student's progress should be . \ 
¥ , xk|cked{beXoire he is provided with " 

•success ive^mirt^. ' : - ■ ~ ~ * 



What-interpretations can you make re- 
\ . • * 

garding v in figures. 3 and v ~.in«. 
figure 4. 



EXPERIMENT 28 
> * - Note* ^ InAVivLCton 
^^Jr " The Problem 
The determ 



.: r-,\. 

mation of v for "sin 




Tijer Problem:: The determination of V for 



v « ^5>inglfitime^s6nstan t^ circuit s 



' C C - 



„ containing more tKan^oti^R or 
C. ^Rectangular input) 



^Wkoczduiz: ' Part* 2A-7 



-It ~*Usirig»a dual-trace oscilloscope, 
; observe* v q , v q1 , and v q2 (where - 
- . applicable), for- each circuit, comparing 
. V5j» and v Q2 in.. figures 3 and 4.- 

• = 22 Kft, C x = .005 uf,,C 2 = .002 uf, 

E = i.SV. (W 1 Ceil) ,,e s = Rectangular 
waveform with* period *= 2 ms. 

hacaduhzi ' ?<wt 2A-2^ 

1. Measure the three significant quantities 



Nerval . 



n 



for each waveform in 

Sketch these waveform^, indicating these 
significant quantities, on your sketch. 
* (See bottom of firse page) 

P/tocecfa/te: [.' ?ant 2A-3 ■ 

1*. ^ Using Kirchhoff's Voltage Law, calculate 

■ and -sketch for each circuit indicat- 
1 ■ • # . 

ing air significant* quantities. Use ^ 

~, same time base as previous sketches. *- 

1. What interpretations can you make re- 
garding the effect of tHe inclusion of 



figures 1 and 2? 

interpretations can you make re- 



;-ERJC 



E in 
2\ What 

girding v q1 and v q2 in figures 3 and 4? 
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o ^ngle_time< 

constant circuits containing more r than 

» l \ ~ 

~ ~ t one R, L,. or C. (Rectangular" input); 

II. New Terminology Encountered:" * 
^None - ' - ; 

II I . Student" background needed : • 
(Same as Experiment 2A) 

IV. General Notes: * ' 

In laboratory experiment *.l in tfits. 

sequence the concepts of the -exponentials 

. ^ response, | the three defining quantities 

\ " I * "i " ** * " * ' * * 

on the exponential, and the 0 identification 

of these quantities were developed. It- 
is* assumed % that in the classroom the. 
• ■ * 

* techniques of finding C and L - for 
r eq eq 

both series and^parallei configurations 

. have been developed, as well as the" 

, general equation for an exponential: 

The student is now ready to handle : 

- : more complex STC's anci deal with resis- . 

tive, capacitive : , and inductive voltage 

division. > 

The values of C and R selected for 

this sequence of circuits are common 

and should\be available in any laboratory^ 

situation.- \The inductors are the same 

toroids used\i n experiment No. 1A and 

: \ Y 1 
No. IB, with extremely, low values of 

, resistance. TheXstudent should be warned 
»that when he is using more than^orie in- 
ductor; he .should s^ace them so that. ■ 

\ [ * 
the coupling between ^them is kept at 

a minimum. **/.*.* 

The source used is^a unit pulse x 

generator and theyrepetition rates /. 

are kept in the a^/dio range:^ A dualj- 

trace oscilfoscope is used and the stu- 




_ $ 

\ • * 



A 



in- 



dent -should be warned to*be sure* to 
"float" die generator and use a common 
circuit ground. 

•As in previous experiments in this 
sequence, each, part of the experiment 
should be handed out individually, .and 
the student *s progress should be checked 
before he is provided with successive 
•parts;, / . ^ 



PKOClduKe.: ?<VU 28- J • . 

x. Using a dual-trace oscilloscope, observe 
v * V A> an d v o (where applicable) for 

0 ,^0l * Oc * 

each circuit, comparing v q j and v q2 in 



! figures 3 and 4. R. 



22 KB, R 2 = 68 KB, 



J- 



The Problem: 



y 



f procedure: 



The determination of v for 
o 

single-time-constant circuits 
containing more than one R or 
J»V._ (ReAtahgular^iriput)^ 



-IV *C6nrie^ r the^ive circuits in the sequenced 

\ 6rder^oK]5^at Jj^time) using 'the indicated 

A f "* " : " 

* I values for each circuit parameter. 




/ L r = 500 mh, L 2 = 100 mh, E = 1.5V 
/ ("D" Cell), and e - Rectangular waveform 

7 'with period ='-2 ms: . 

/ 1 
p/toctdtiKz: ParUAB-2 

l/. Measure the three significant quantities' 
for each wavefornuinterval . " 
Sk etch these waveforms, indicating these, 
significant quantities on your sketch. 

VKociduJidi PoaX 28-3 

1. What interpretations can you make re- 
garding the effect of the incld^on of 

* E in figures 1 and' 2? f 
What interpretations can you make regarding 
v Ql and v q2 in figures 3 and 4? 

^ What interpretations can you make regarding 
v q2 in figure 3 and v q2 in figure- 4? 




Fig. 5 
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-EXPERIMENT 3A , 
I. The Problem: 



i la sii 



Discovering that a STC with la sinusoidal ' 
response will have the response of 
amplitude- sea ling and phase ihift. 
II. New Terminology Encountered: 
Lcad^ ' Lag 

Frequency Response 
Student- background needed: 
STC's with rectangular input, familiarity 
with sinusoidal functions, phase re'lation- 
^sfjips between sinusoids, use of oscilla- 
tor,, use of Dual -Trace-Scope to measure 
:both amplitude and phase. 
IV. General Notes: 

This experiment, which is introductory 
in nature, is designed to familiarize the 
student to the response of an STC with 
sinusoidal input. In addition to the-" 
voltage response in four simple series 
\ STC circuits, the student investigates 
\ the current response in each, lie iV^givcn 
the opportunity to t vary circuit parameters 
and observe the effect, hopefully leading 
t^o a fuller understanding of these cir- 
cuits. -*In Part 3A-3 the student is given 
complete freedom to investigate other STC's 



R 
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with sMnusoida.l .inputs on his own. 
This lab should be followed by a class- 
room presentation of reactances-and 
impedances. 

Fo* tht Studznt 

The Problem: Investigation of the response , 
of a single-tiine-constant cir- 
cuit to a sinusoidal input. 

Ptioczduxz: VaxX 3A-J 

1. Connect the four given circuits and con- 
tinue. e g = 10 sin 2s (1000) t, 

R = 3300 ft, L = 500-mhy, C =.05 uf., 

2. Observe, with your dual trace oscillo- * 
scope, v q for each circuit and compare 
to c . More specifically, observe:, 

a. Jhc amplitude relationship between 

v and c . 

o s j 

b. The phase relationship between 

v and c . , 
o s 

c. Similarities in v between circuits 

o . 

5. Molding the amplitude of c.- constant \ s 
at 10V, vary the frequency of and 



observe the effect on each v 



For, 



each circuit, what is the effect on ithc- 

amplitude of c in each circuit of ih- 
a 

crcas.ing u? Khat\is the effect of the 
phase angle Fctwecn\e\ and v of 



C 

-li- 
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increasing Decreasing u>? 
'4. - Vary the value of resistance i.n each- cir- 
cuit and observe the effect on v . What, 

o 

in terms of the amplitude and phase of 
•v , is the effect of * increasing R? Decreas- 
ing R? 

5. ' Vary .the capacitance in figures 1 and 2 as 

well as -the inductance in figures 3 and 4 

and observe the "effect on v . " What, in 

. o >' 

terms of the amplitude and phase of ,v , is 
' the effect of increasing L or C? Decreas- 
ing X or C? 

6. Vary R^nd fc- (or C) in each circuit while 
. holding the time constant of each circuit 
. fixed.. Observe the effect^ on 'amplitude 

* - and phase angle of V q . ' 

P&vtJA^f * ' • 

Discuss ion 1 : 

Referring back to the four origin^ ciruit^-, 
figures 1 and 2 are the same circuit, with the 
output taken ^across opposite components; this** 
also is true of figures 3 and 4. Recalling that 
the voltage across a resistance is directly 
proportional to .the current flowing through it, 
it is apparent that the current response of 
these circuits can be analyzed by observing and 
interpreting "the voltage across the resistance 
in each case. .Hence to study/ this current 
response for R-L and R-Ccircuits we need to 
concern ourselves with figures 2 and 4. With ^ 
this in mind, 'let us make some interpretations 
regarding the observations made in Part 3A-1. 

VKOtzdvJiz: 

1. Interpret the current response of a single - 

time-constant circuit to a sinusoidal in- 

i 

Vput. 1 

a. Does the current lead or lag the 
applied voltage in an U-C circuit? 

b. . Does the current lead or lag the 

^applied voltage in art R-L circuit? 

2. * Whatsis the effect on this phase angle 

between e "and the current in an R-L or 

s • 

R-C series circuit of: 

a. -Increasing u? 

b. Decreasing w? 



c. * Increasing R? 

. d. Decreasing R? 

e. Increasing C? 

f. np^'^asing C? 

g. Increasing L? 
" h. Decreasing L? 

3. What is the_effecf jpw the amplitude 
of this current of : • 

a. Increasing u>? \ : 

b. Decreasing «? 

c. Increasing"!*? 

d. Decreasing R? 

e. Increasing C?. 

f. Decreasing C? > 
/ g. Increasing L? 

•h. Decreasing L? 

4. " Interpret the relationship between the, 
^ amplitude of the current and the phase 

angle with e g . 

5. What is the relationship between the 
time constant of the circuit and the 
phase angle of the 'current? 

, ->v- 

VKoczdixAt* PaAt 3A-3 

1. Select other complex s in gle-ti*me- const ant 
; circuits and investigate, in a manner 
similar to that employed in Parts 3A-1 
ancL3A-2, the behavior of these circuits 
w\th a "sinusoidal input. 
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<K The P.fdb'Ten^ 

Determination of half-power point and 
corner plot of swingle- time- constant 
circuits; 
II New Terminology Encountered: 
/ Corner frequency -3 db 

half-power- f> ~ .bode piot 

* corner plot , semi- log 

t \ frequency, res'pbnse - 
I H .Student background needed: 

Resistive circuits, STC's with rectangular 
^ input*. STC's with- sinusoidal input, use 
of ■'•duair.tface scope--for amplitude measure- 
ment and. for phase measurement, and use. of 
* oscillator or sine-square generator. 
IV. General Notes: . <, 

In laboratory experiment No. 3A the 
student was introduced to STC's with a 
sinusoidal input. It is ^assumed that this 
material has been and is .being covered 
in the. classroom while this experiment is 
being done in the lab. 
aS ' This 'experiment, introduces student; to 
the concepts ,bf corner plots and corner 1 
frequencies ,in the lab without any previous 
exposure tojthe topic in the classroom. It 
should be followed up by class presentation 
on -corner ; plots. 

The experiment begins in a rather re- 

iv r 

stricted^f fashion arid as it progresses 
allows the student more and more freedom 
to control the activities* the experiment 
is intended to take two- laboratory periods, 




the first (lab. exp. 4A) taking one period 
and the second (lab.^exp. ,4B) taking 
another. 

Experiment 4B provides the student 
full freedom- to investigate STC's charac- 
, t eristics',' which he should be ready to 
do after completing experiment 4A which 
.lays a solid foundation^ on which the stu- 
dent can build, 

Foi Hit Student 

The Problem: Finding the frequency response 

of single-time-constant circuits 
" and representing this response 
, . in a conventional manner/ 

Piocedtfie: 'VoJit 4A-7 

1. Connect the two given circuits with* 

e s = 10 sin wt and proceed as indicated 
for each circuit. 

2. Vary the frequency of e g , holding the 
amplitude of e g constant and observe: 

a. The effect of varying u on the 
amplitude of v . 

b. The effect of varying <o on the . 
phase between e g and 

c. . The effect on varying w on v q 

for figure 1 as compared to the - 
effect on u q for figure 2, , 

3. Increase or decrease the frequency of e*^ 

until a maximum amplitude of v q is 

achieved. (This V max should remain- 
o 

constant over a fairly wide range of w,) 

* > 

. Measure this value of 'V and record it 



on the attached semi- log graph paper 



p — WV — f o 

& T© 

i To 

Fig. 2 
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4*. Now slowly change -the frequency of e g 

•until the; maximum, value of v begins to 
• o 

< drop; Plot values of V Q (max) versus f on 
" the. attached, semi- log paper, as well as 
.the phase shift between e and v for each 
circuit. Plot just enough points to . 
; sufficiently define a curve. 

\ • • • , V 0 (max) 

At what frequency does = — ? r- = 0.707? 

fa imaxj 



recall that 



In this case 



db = 20 log Zl 
E 2 



TT- = .707. 
E 2 



Therefore, we solve for (20 log .707). ■ 

1 -1/2 

20 log .707 = 20 log — — = 20 log (2) ' = 

^2 



6. At what frequency does the phase, angle 



betweeh\e and v = 45 ? 

o <■ 



1. Cojhpaf el wj\ri^ procedure #5 with /the Wj> 

in ^procedure "#6^. , — . 

4 r< * ■ - V * 

Discuss a on: . . - 

^ j >Yoii rfound-iri Part 4A-1 .that when the phase 

"angler-8 between u o 'and e g equals ±45° the ratio 

;v 6 I ' ; , 

— = .707. this can be shown by the examina- 

E s ' ' 

j - 
tion of a phasor diagram of those voltages. 




COS 0 = 



V (max) 
o 

E g (max) 



V (max) 
s 



; Therefore , 



V (max) 
. E g (max) 



= 0.707 



This point is called the corner frequency 
for the circuit. It is also referred to as 
the -3 db point. From your previous studies 



-10 log 2 = -10 (.301) = -3 db. * „ 

In addition this' frequency is also 
called the half-power point. Recall. that 

(db'=> 10 log p-) in this case we know that 

2 " Pi 

we are dealing with -3 db. Solving p— :. yg- = . 

pp.' P - * 2 " 

l0 8^ d~" 88 antiiog -.3, p^=>.5; we find 
- P 2 P 2 * 2 



that the expression "half-power point 11 is 
a valid one. 

* v Now, any reactive circuit will respond 
to a change in frequency in the manner previous 
ly observed. Th&t is, the frequency re- 
sponse curve plotted in Part 4A-1 is typical 
one. This plot 'is called a bodo. OK cbtoQA 
'pZ&t. 'We will learn later how to calculate , 
and, draw these curves without taking any . 
measurements . 

VKOtadvJiZi Pant 4A-2 

Going back to the two original circuits 
in Part 4A-1, vary the R's and C's and observe 
the effect on ojj in each case. 

1. ;For figure 1: 

> a. What is the effect of increasing R? 

b. What is the -effect of decreasing R? 
* c. What is the effect of increasing C?" 

d. What is the effect of decreasing C? 

2. For figure 2: 

a. . What is the effect of increasing R? 

b". What .is the effect of decreasing R? 

c. What is the effect of increasing C? 

d. What is the effect of decreasing C? 

3. What is the effect of varying both Rand 
C while holding the time constant of the 
circuit constant? 
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Discussion:, VcJit 4A-3 

. Referring back to, circuit 1 of Part 4A-1, 

V 



we can write that V = E 

• . o. s 



. Then =— = 
E s 



uRC 



But as we .discovere^ :> in Part 4 A- 2: 



.at 0)^ the. phase angle between E g and V q equals 

V ' 

45^1ftd that 0.707. 



Therefore, at u^, .707 + 45 



l • JL 
uRC 



this -ieans that the denominator of the right 
hand fractioh^must equal 1.414 +45°. In 
ord e r for th i s^ to ^ho Id true, t h en- _j 



= 1. 



\^ , wRC 

. ft is apparent then, that 

the corner frequency is determined by the time 
constant of Uhe circuit. More specifically, 



~ v - - ; 1 '1 
Therefore, ; :u> = 



the cornei\ frequency of a single-time-constant 
Is tSelreciprocal of the time constant. 



equa 




PioczduKi: VaAt 4 A- 3 

Beginning with the two circuits employed: 
in Part 4A-1, maintaining e g ■ 10 sin u>t, *' 
'add an additional R to each circuit as inr * 
dicated-.and proceed/ 

1. Observe the effect of the additional 
.resistance on the circuit response, 
a 
b 



What is the effect on V max? 

o 



What is the effect on the corner \ 
i frequency? 3 . ' " 

c. ■ Whatii is the effect oh the response 
- curve? 

2. Using the techniques employed earlier, 

measure .the \new V" max and u>. . 

\ o 1 

3. Interpret these new values. Why the 
change "in V q max?* Why the hew corner 
frequency? ^Whkt circuit parameters 

have been changed by adding the second R? 

4. Using previously learned circuit 
analysis techniques, calculate the corner 
frequency, V Q at Wj, and the time con- 
stant for the." new circuits. 




Fig. 1 



Fig. 2 
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IETWORKS (CIRCUITS 2L) 



- definition • 

A .course in circuit analysis having the title 
of~NcM?/ifeA has the implication that" the student 
shall- study, any circuit of any configuration, 
r .simple- or involved* Theoretically, t^ere are 

no- restrictions. The teA&ucAion& can be estab- 
* * lished, however; -in accordance utiXh £he niidb 
* and du'ptii of a particular curriculum. 

: AiAidR -CONCEPTS 

For ,a; two-year associate- degree program in • 
Electronics Technology, the following major 
-concepts' j for a;N&frWifeA course are recommended: 
. a. The contents of the course shall fee in- 
fluenced by the technical specialty 
;* s course (the 'option) that is selected 

n . for the remainder of the curriculum, 
bi Magnetic coupling- and magnetic circuits 
have riot been covered to this point in 
\ the preceding two courses of the sequence. 
• These topics should be covered regardless, 
of the remaining specialty courses. 

c. . The subject of l&Acmonce needs to be 

• covered. 

d. : Emphasis shall be placed on circuit 
response, - not the evaluation of all 
currents, voltages and powers in a 

• circuit.* • 
-e. Emphasis shall be placed' on practical 

circuits and responses such as: Filters, 
•loading, frequency response, resonant 
circuits, coupling, three-phase systems, 
power distribution, the Q v of a circuit, 
. a-f and r-f transformer, etc. 
f Take advantage of the S-operator as . 

appropriate to the analysis of circuits, 
g. Restrict the complexity of ^circuits to 
^those- that have no more^ than two- poles 
in the S-equation response. These are 
double-time-coristant circuits. 



BEHAVIORAL OBJECTIVES 

On satisfactory completion of the course 
the student shall have the abilities to\: 

a. Select a method that is convenient \for 
the analysis of given circuits, 

b. Write the necessary equations for 
analysis. . ^ . 
Solve for both steady^state and 
transient responses. 

Know those circuit configurations heeiied; 
for their practical value. 
Understand techniques of analysis that' 
are "unique for the yarious practical 
circuit configuration. " * 



c. 



f . Sketch phasor diagrams, as an appropriate , 
means of representing circuit responses ' 
graphically when frequency is constant 
and not a variable. 

g. Apply the^S-plane technique as a 
graphical representation to study the 
response of simple circuits when, 
frequency and time constants are of 
primary interest as variables. 

h. ; Know how to analyze circuits having 

mutual coupling. *> - 

i. • Understand the purpose of core materials 

to jcontrol magnetic coupling. 



PREREQUISITE ' 

The primary prerequisite for Networks, 
as proposed and outlined here, is the SingZz- 
Tim&-CoYU>tan£ caJicjulL& course or its- equiv- 
alent.- Networks is the third major subject 
in 'the sequence of circuit analysis courses. 
It is assumed that therstudenT'arready knows 
how to write loop and node, equations, how to 

use Thevenin's, Norton's and superposition 

theorems, and how to write circuit equations 
, as ratios (or transfer functions):. The stu- 
dents 1 background in mathematics,, at this 
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point i fshail- involve" elements of calculus, 
eleuc^ts of differential equations and element's, 
of the XaPlace Transform (especially the use of 
tables),. • - m ' 
jiote: the mathematics u6ed, for the most part, 
^Wlll.'be-^mq^e'jtfcaii aJtgzbna, tAiQomwVitj,a>\d 
-complex a£gefa/ia. ■■ The., advanced math 11 be of 
value for certain derivations to add understand- 
ing "and *appfeciat Ton . " 

The relative position of W&ftwtfea in the 
curriculum is represented by" the following flow 
.chart: a * x 



BASICrCALCULUS , STC 

l^IACE; TRANSFORMS CIRCUITS 



INTRO 



v.* J 

• NETWORKS 



v. 



ADVANCED 
LINEAR ELECTRONICS , 
OUTLINE. . " _ • " ' 

I. Review; of STC's on "S" basis (Classroom). 

II. RLC Series* Circuits (Classroom and Laboratory). 
k. f Impedance .(Laboratory support) . 

B. Phasor .Analysis (Classroom oriented) . 

C. Resonance (Introduce in laboratory). 

1. Natural, phase and amplitude 
resonance. 

2. Q of circuit and its af feet ,ori I 

3. Bandwidth. 

D. ~ Frequency response characteristics 

(Classroom and Laboratory). 
1; Bode plots may be" used to advantage. 
2. "S"-plane analysis (zeros anc^ 
poles) . 

a. Solution for poles and zeros 

^_ _ (Need^the-quadratic equation to 

find roots) . 

b. Graphing circuit response. 

E. Use of initial condition models. 

III. RLC Parallel Circuits (Classroom and Labora- 
tory) 

•A. Impedanc^ (Laboratory support). 



B. Phasor analysis (Classroom oriented). 

C. Resonance (Introduce in Laboratory).. 

1. .Natural, phase and amplitude 

resonance. 

2. Conditions for resonance ("two 
points, one or none)" (Classroom 
oriented) . < 

c 3, Using Q of circuit. 

D. Parallel-to-series^ conversions (Class- 
room) . 

1. The equivalent series circuit 
represents .equivalent impedance i 

E. Frequency response characteristics 
(Classroom and laboratory), 

1. Graphical and mathematical. 

2. "S^-plane-analysis . 

F. Use of initial condition- models. 

G. Ringing* circuits and damping. 

IV. Series-Parallel RLC Circuits (Classroom ■ 
and 'Laboratory) . 

A. A. Writing of characteristic equations 
(Classroom) . 
1 . Loogjr equations. 
Node -equations. 

3. Millman's Theorem. 

B. Using theorems and conversion tech- 
niques (Ct«*s,sroom) : > 

1. Superposition theorem (Laboratory 
support) . 

2. Using Thevenin's 'and Norton's 
theQrem (Laboratory support). 

3. 7T-T conversions (Classroom . 
u oriented) . c 

C. Filters, - all types (Introduce in 
laboratory) . 

D. Impedance matching -(Classroom oriented 
with laboratory support) . 

V. Multi- time-constant circuits, -not 
oscillatory^ ~ ~~ * . 

A. R*s and C's only. 

B. R f s and L's only. 

C. Examples. 

1. Frequency compensated 
attenuator (Laboratory). 

2. Bridge circuits (Laboratory). 
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•VI 



3.. Lattice networks (Laboratory). 

D; Techniques of analysis (Classroom). 
Magnetic^Circuits and Coupling (Classroom 
4 - and .Laboratory) . ^ 
• *;A** Core materials ■ 
- ^"~T* Permeability. 

2\ Characteristic B-H curves (Laboratory 
oriented) . 
. Hysterisis. 
' B. Fundamentals of Analysis (Laboratory 
support);* 

l\ Faraday \s law. v 
12; polarities of induced voltages. 
a; : Self-induction. 
*W (Mutual induction, 
it Induced currents:, 

Coefficient of coupling. 
Mutual .inductance (M) . 
6. Use of fictitious generators 
' . * (Classroom) . 

VII . Transformers (Laboratory oriented) . . 

A. Power transformers. 

* 

* 1. Equivalent circuits (Classroom). 

2. Ampere-turn, Impedance relationships 
t ^ JS.. .Reflected loads . 

B. * A-F.afid"R-F transformers. 

• 1.. Single tuned. 
, i 2; - Double tuned. 

VIII. Three-Phase Systems (Laboratory-oriented). 
A*, Generation and Sequence. 

Loading (delta and "wye) . 
4. Balanced 'loading. 
h Unbalanced loading. 

Systems. ; 

.1. Delta. 
2. Wye. 

^;__Opeiv-deltav~ -- - r " 



B. 



C. 



1. The student learns techniques of analysis 
for those circuits that are more involved 
than'STC Circuits, or Resistive Circuits; 

2. The student concentrates on circuit 
configurations,, that .are -unique to 
particular systems such as three-phase 

— n circuits-inHpower-systems', filters in 

power supplies i high-pass and low-pass- 
, filters, tuned circuit's,* coupling cir- 
cuits, etc. ■ * 



-\- 



A point to keep in mind' concerning .tfie 



above two functions is that there is no limit- 
t\> the subject matter, coverage and depth, < 
for-a Networks course. The preceding two * 
courses (Resistive. Circuits and STC Circuits) " 
-do have limits of subject matter coverage and 1 
can be terminated at some logical point. 

Selz&tion o& Topic* 

Some freedom exists for the instructor 
in the selection of major topics for the 
Networks course. Keeping its two functions 
in mind, tecfuvtqueA of analysis and practical 
, circuit coniigtViatipte , the instructor should 
select topics that are most suitable to the 
total curriculum. The institutional option 
(communications, .power, control systems, 
digital systems, etc) will be~enhanced by the " 
topics of Networks when selected for the 
particular option.. For example, if tnree- 
phase circuits are not covered anywhere else 
in the curriculum,, it may be that the only 
place for this subject isi in Networks. On 
the other hand, the instructors of the eiec- 



D. Phaser analysis. 

E. Power calculations. 

GENERAL GUIDELINES 

The subject of NeAootfc* serves two important 
functions in an Electronics Technology Curric- 
ulum, As the thfrU in the sequence of circuit 
analysis courses, it is found that, 



— trohics~curriculum~may~wish to omit" this 
subject entirely. 

Consider the problem of resonance ( series 

^^oF^fiUel cTrcuitsT aTa, topic to be. covered 
in NtiwoKk*. There is probably agreement that 
this topic should be included as indicated in- 
the Outline, of this report. But, how much 
coverage and in what detail? Which parameters 
should be considered as variables? What about 
the various conditions of resonance or no 
resonance? What about locus diagrams, phasor 
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diagrams, or amplitude responses as a function of 
some one or more of the possible variables? 
Again,, as stated previously, there is much to 
consider with resonant circuits as with other 
•major topics of Networks. 

Suggestion:* Select, topics, coverage and depth, 
for the 'Networks course as carefully as possible 

^toJatisfy the needs of the end objectives of | 

r , * _ ^ 

the curriculum. Do not try to cover every 
ppssible topic in every detail* Select a text- 
book* that is most satisfactory and follow its 
general sequence. Add' class notes as needed and 
delete" as required ^ 

ieCectuuj TzchniqueA o£ Anaiy*i& * 

Jfach? of the analysis for. ttye ; circuits of^ 
ihe course-.will be done using complex numbers, 
,;phasors and the concepts of impedance, reactance' 
(capacitive and inductive), conductance and 
admittance* It must be reWmbered that such 
quantities .are applicable only to sinusoidal 
driving functions under steady-state conditions 
j for fixed -frequencies. . . 

Some serious consideration should be given 
to -those problems that permit a more direct 
analysis when it is desirable to consider 
frequency -as a variable. Locus diagrams have 
"been used for this purpose but are usually 
limited to the most simple circuits. If S- 
equations and the S-plane are not now being 
used to assist with circuit analysis, then we 1 
encourage that this be done. Just the waiting 
of equations using "S", rather than "juV, is of 
value. _Jf ,you want juj,,.it~can- replace "S'^after. 
the equation is written. If you carry the S- 
equations further and use the S-plane, then 
a~graphical-rep res en tat ion exists" from" which — : - 
ajresponse as a function htitquznty can be 
interpreted. 

The project did some development work with 
the S-equations and it is presented under the 
heading, "The Pattern of S-Equations ,f a / little 
later in this section. There are some answers 
there,, as to a possible technique, that may be 

of value. - " -~ — jl ' 

. " Another circuit analysis problem that is a 



• ■. • ■ \ • 

little difficult for students to. master in- 
volves circuits .with mutual coupling* The 
problem^ is chiefly concerned with the use of 
the correct sign ,(+ or -) for induced Volt- 
ages resulting .from mutual inductance (N^) . . 
We think the use of (dependent sources) are 
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of value. here* These, are symbols, for in« 
sertion into circuit models similar to 
voltage-source symbols,, .that are placed in 
every loop where a mutual induced ^voltage . 
exists* Each one is labeled with the correct 
voltage-polarity reference and f each one is: 
identified by a voltage as jwMI, or JujMI^j 
etc* as the circuit dictates* The loop 
equations are then easily written,' inserting " ^ 
the proper signs as dictated by Kifchhoff's 
voltage law. The sign (♦* or-) should no „ 
longer be. a problem t o the student * ' You? 



see, the dependent sources of mutual in-- 
diictance isolate the sign^from theinaghi-* 
tude where they can be handled with less 
chance of error M This "technique also helps 
the student to Understand mutual: induced 
voltages . 

Examples are presented in Fig. 1 to 
illustrate the use of the dependent sources 
of mutual inductance. . There are those wKd 
may wish to use this technique. Others may 
not* See next page for Fig. 1. 

THE PATTERN OF S-EQUmOHS 

To arrive at the S-equations for^RLC 
circuits, the conventional procedure has 
involved the writing of node equations, or 
loop equations, or other more^direct^tecf^ 
Jli Rues_and hShwi Jfanipulate^heseL-initiaily 
written equations into a desired form to 
make it easier to find the roots (poles and* 
zeros 1 ) of the~ S-equation. 

The project became involved in trying 
to find some pattvin that is con stent in 
these equations for those. kinds of circuits 
having two poles always in these equations. 
If the pattern could be found, then it might 
be possible -to k<uol& the terms for the final* 
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Eig. 1* Coupled circuit models .showing, dependent sources, 

(rigHt-hand ..column) of. mutual inductance. | S-opera^tof 
* is shown. Could use ju as well for. sinusoidal steady-state analysis. 



..equation without, i 

™ **y 

ulation of equati 



ng through,;, so much manip-, 
ns^VThe pattern was found 
nd-ds^presented here for information purposes 
^onlyi^We^r^-npt^repared to recommend how or 
When this information should be used, since 
there has been no opportunity to try it in the 
classroom,.— -the-pnly thought here is that, the 
analysis i *ofJ*LC series circuits probably should" 
not- gp .beyond ctoub£e-po£e circuits. Some work 
hduld be done in the writing of S-equations, 
f their* roots and the use of the S-plane. The 
^questionf/Sere is: Should one concentrate on 
the\ Matting of the equations?* 

he- pattern for the S-equations is revealed 

\ 



./ , , . 

"bjr-tef erring to the "Equations for a number of-, 
circuits, j*s presented on pages following this- 
discussion. Refer-to those circuit s_and- 
their corresponding equations and the follow- 
ing facts are directly observed. t 

a. Every constant term has the dimensions 

of the inverse of time or of time squared 

b. The^coefjFicientj, of S fn the denominators 
is always the sum of twTTerms-where. — ^ 
each term is a irreciprocal of a time 
constant. ^ 

c. The constant term (third term) in the 
denominator is always the product of 
the reciprocal of two different time- 
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constants, on'e of which is identical to o^ie 
of the terms in the coefficient of, ST 

d. The dumber of S- factors in the numerator* 
may be none, one ox Never more than 

* , two, . ♦ • . 

* * * * » 

e. The constant coefficient for" the total , 
equation makes the equation dimensionally 
correct. ■ 

Hqu? we are at the point of this discussion 
where; we. call reveal a procedure for flooding 
all of the constant terms of the S-equation. 
First", note: that all of these circuits are of 
the^orierhode-equafciqn form represented as below. 




iWe need this^ model for the* purpose of identifying 
the numerator portion of the S-.equation. We 
will look at \the denominator in a second step. 

To identify the numerator factors and 
constant te£ms, Prefer to any one particular cir- 
cuit along^with the general mgdei just presented 

*and apply/the following procedure: , , 



Open the source" and jp lace a short ( at v . 
Look at the^^wo^portions of the^cjy^cuit 
represented by and y separately. 
The y^ circuit can contribute an S-factor 
to the .numerator only if the stored energy 
•has noty been instantly destroyed by .the 
open circuit. * ' ^ 
1. If stored energy never dissipates, 
* only an S appears in the numerator . 
Z. If*stored energy dissipates with 
1 .timQ, then an S+* factor appears. 

. The d^tera is the reciprocal of 
the time-constant- of y^ 
d. The y 12 circuit, shorted, can contribute' 
an- S-factor only if the stored energy of 

' 9 



I 



*% that circuit has not been instantaneously 
destroyed (or never existed in the first 
place) by the short* 

1. If the stored energy never dissipates, 
* only an S appears in the numerator, 

2. If the stored energy dissipates 
with time, then an S ♦ d term appears 
: in the numerator. The constant of * 
this factor is the- reciprocal of j 
the time constant of y^ when 

' shorted. 

Now, to read the cons'tant terms for the* 
denominator, consider the quadratic equation * 
of the form, . 

i 

S 2 ♦ bS + c ' 

Use the following technique jto identify 6 and 
C of the model equation. a 

a. To obtain 6, the coefficient of S,, 
1. Open L: The time constant of the 

remaining circuit *(jits reciprocal), 
is one of the two constant terms j 

. -2. Short C: This gets Jthe second 

. * "«■"■! 
constant term. 4 

b. To obtain the third term, c of "-the model 
equation, 

1. Open L: This reveals one of the 
constant terms in the product. 

yrlt is identical to 'the RC time- 
. - * constant term in the coefficient/ 
of S. ' , , 

2. Open C: This gives the second time 
constant (reciprocal) in the th/ird 

• term. 
NOTE: Interesting? Where do we go from here? 
.i Will this technique have a value 1 in 

two-year programs? We would be/ inter- 
ested in the results from any i/nstmctor 
that uses it., As a matter of fact, we 

are interested in experiences with the 

• / 
. use of the S-operator in any form. 
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EXAMPLES WITH S-EQUmONS [Cont'd). 
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Note: 



Maii^ other circuits and their corresponding S-equations could be shown 
Those presented here are sufficient to li 1 lustrate the pattern for the 
equations and the technique of identifying the constants directly fro* 
the\circuit. Remember, however, that a) circuit having a C in series 
with"\an L is the special case. 
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CHAPTER 5 

THE FUNDAMENTALS OF ELECTRONICS SEQUENCE 



The sequence o^ three courses [Resistive Electronics, Pulse 
Electronics and Advanced LineaA Elect/ionics\, as presented in 
this chapter, is representative of the core material for the 
Fundamentals of Electronic. 

As suggested , for the sequence of counses In Circuit Analysis 
of the previous chapter, the reader Jus encouraged to regard the J 
Jw^damey\tals of Electronics as a single package, ratJxer than as 
three separate courses. The sequencing of the three courses is 
considered to be as importatvt as the sequencing of topics- voithin 
each course. 

Each of the three courses contains subject-matte/i contents — 
and organizati^ of topics that oJie representative of convention- 
al kinds .oft courses. There oJie two major recommendations that 
the ETCV Project wishes to submit. » Detailed information for 
these two recomm endations is presented in the chapter. 

a. Jo get started voiXh tixe Fundamentals of Electronics 
package, or to get started with a study of any group J 
of electronic devices, the major emphasis shall be 
on the electhical properties [such as volt-ampere 
g&aphs^ancL <UrajLit^espons&)-Aathen^^ — - — 



ternat properties. The physics of devices shall not 
be a prerequisite, 
b. The subject of Pulse Electronics shaJUL be required 
as the second course in the sequence. Conventional- 
ly, tliis subject has been included in ElecXronics 
Technology curricuta as an elective or as the tlxird 
course in the sequence. 



RESISTIVE* ELECTRONICS (ELECTRONICS I) 



\ 



\ 

DEFINITION ' 

The subject of Rz&iAtivz EZzctnonicA is, 
primarily, a study of the electrical character- 
istics, electrical parameters and the physical 
properties of electronic and electrical devices 
with limited applications of these devices as 
resistive elements. 

MAJOR- CONCEPTS' 

Rztxtitivz Elzc&iOYUrCA is more device oriented 
than circuits oriented. . This approach is neces- 
sary because of the large number of devices on 
• which the student needs information before using 
the devices in circuits. 

Concentration on Jthe volt-ampere character- 
istics of devices makes it possible to study a 
large number of devices. Specific information 
on how this is done is presented in the General 
Guidelines under the heading: Thz Tvuninal OK 
YoKt kppHoaeh.to thz Study o£ Elzct/wnic Vzviczb. 

The. physical pioyzAtLz* of devices does 
not imply a physics and chemistry approach to 
how the device performs its designated function. 
It implies the study of a device by considering 
the terminals with its electrical characteristics, 
and interpreting this information to understand 
and • appreciate the" nomenclature such as: Current 
and voltage ratings, STOP, NPN, base, gate, anode, 
copper plated, shelf life, reliability, power 
rating, Keat_sink^_. . . , . .etc. 



d. Select appropriate devices from catalog- 
listings* according to identification and 
specifications'. . 

e. Appreciate the need of different elec- 
tronic devices, with their different 
electrical properties,^ in systems. 

PREREQUISITES 

Ideally, the subject ofl Rz&ibtivz Elzct- 
XOYiicA should have the prerequisites of 
Rzt>i6tivz CiiautA and Introduction to Elzct- 
KonicA Technology. • * 

From Rzbi&tivz CtAcu£t6, the student will 
have the needed background knowledge of the 
concept of resistance and how to handle resis- 
tive, or zquivaZznt resistive elements in 
circuit models. The student is prepared to 
understand why electronic devices must be 
replaced with a modzt in order to make neces- 
sary calculations and to interpret measure- 
ments made on electronic devices. - 

From the^subject of IntAoduction to Elzct- 
KonicA Tzchnology, the student has the needed 
systems approach and a knowledge of much of 
the terminology and nomenclature essential to 
the concentrated s£udy of devices. Going 
directly to a study of electronic devices, 
without some information as to the purpose 
of these devices, would leave the student too 
uninspired. : 



BEHAVIORAL OBJECTIVES 

i 

Upon satisfactory completion of the subject 
.of Rteibtivz ElzoAtionicA , the student shall have 
the ability to: 

a. Ascertaia the electrical properties of any 
electronic device. 

b. Write and converse about electronic devices 
using' acceptable terminology and nomenclature. 

c. Understand the specifications for a number 
of electronic devices. 



The flow chart shown here, reveals the 
position of RzAUtivz Elz&tAonicA with re- 
spect to other subjects pertinent to RzAibtCvz 
Elzct/iottieA . 



Flow chart is presented on next page. 
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Resistive 
Circuits . 



INTRO 



RESISTIVE ELECTRONICS . 



Pulse Electronics 



4UTLIHE * 

PART 1: TBANSDUCERS " 

•l.. Identification of Switching Devices 

A. Types 

1. Common: Toggle, slide, knife, lever 

pushbutton, rotary (See^a parts catalog 
_ for additional types). 

'2. Special types: Thermostatic, mercury, 
reed, microswitch (Solid state to be 
considered later) . 

3, Relays and solenoids. 

a. Types: Stepping, time delay, 
thermal delay, reed (See a parts 
catalog for additional types) . 

b. Making and breaking voltages. 

(1) Factors. 

(2) Determining experimentally. 

c. Symbols. 

B. Switch Contacts 

1. Types:* Copper, silver plated, gold 
plated. 

2. . Physical construction. 

a. Maximum current, -t. 

b. Maximum voltage, v. 

c. Maximum power, a?K. 

. d. Low resistance needed between 
contacts. 

e. High frequency switches (Low R and*. 
/ C for frequency used). 

/ 



II. 

A. 



"C. 



Switch Action 

1. SPST and symbol. 

2. DPST and symbol. , 

3. DPDT and symbol." / 

4. Multiple position switch and symbol^ 

7 

Protective Devices f 

/ . 



/ 



Purpose of protective device 

1. Prevent overload of source, 

2. Prevent hot wires, burned insulation 
and fire. 

3. Limit the damage .to total circuit. 

4. Provide little' or no voltage drop 
(must have low resistance). 

5. Provide- maximum protection (Primary 
of transformer usually contains 'fuse) . 

Ratings - 

1. Current rating. 

a. Low current,' - small wire. 

b. Not a" voltage or power device. . 
(Will "blow" when more than 
rated current goes through device) 

2. Voltage rating. 

a. Low voltage - physically short, 

b. High voltage - physically long. 

c. Arcing should not exist across 
blown fuse. 

Replacement 

1. . Replace with type recommended by 
manufacturer. 

,a. Too, high a value would not blow 

soon enough to protect equipment, 
b. Too low a value could "blow 11 
under normal usage. 
~T, — rf^r^trng^^nm~1oiWn , - use 150% 



to 200% above normal current used. 
D.' Types of protective devices 

1. Fuses. 

a. ' Fast blowing, - for instruments 

and meters. 

b. Standard, - general purpose. 

c. Delay or slow blow, - used in 
inductive devices. 

2. Circuit breakers. 

a. Electromechanical, - does not 
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destroy itself, (just needs ■ 
/ resetting) . 

b. Thermal, - Bimetal strip heats and 
bends to break contact. 

c. Magnetic, - Magnetic field is 
~ proportional to current. 

Ill . Cells and Batteries 
.• primary cells 

■ 1. Chemical change not .easily reversible. 

2. Cannot be recharged'. * 

3. * Examples-^ Carbon- zinc drycell (common 

flashlight batteries, and mercury cells). 
B., Secondary cells 

1. Chemical change is reversible. 
- 2. Can be recharged.. 
•3.. Examples: Lead acid battery (in autos 
and elsewhere) alkaline rechargeable, 
and nickel cadmium. 
C/ Battery " 

1. Definition, - two "or more cells. 

2. Connection of cells, - series, parallel. 
.3.. Internal resistance. 

a. Low when battery 0 is charged, - high 
,when battery : is* discharged. 

b. Varies with size and type of battery. 
4; Efficiency .of battery is related to load, 

a. 50% with load resistance equal to 
internal resistance. 

b. Efficiency higher for higher load 

t m . *- 

resistance. 

c. Concept of maximum power transfer. 
5. Testing.; 

a. No-load voltage. 
bi — Fui-I— load-voltage? : 



.... ■ ....',':/ 
■ . / 

/ 

b. Faster response. 

c. More uniformity from cell to cell. 

d. Larger surface area required. . 
5. Photodiode. 

,a. Small surface area. 

b. Fast response. 

c. Used in high speed reading, - 
punch cards , etc. 

B„ Photo conductive cell 

1. Materials used, - germanium, silicon, 
_ • selenium, sulfides. 

2. Provides variable resistance, - de- 
creases with increase of light. 

3. Sensitivity. 

a. Resistance a function of wave- 
length (usable up to lOOHZ).." ~ 

b. Rise time longer than fall time.- 

4. Sealed in case for protection against - 
moisture, dust, etc.* 

C. Other light sensitive devices 

1. Photo transistors. 

2. Photo multiplier tubes,- - very 
sensitive. 

V . Tem perature Sensitive Devices 

A. Thermistors (a small bead of semiconductor) 

1 . Properties. 

, a. Negative temperature coefficient. 

b. Detects small temperature changes. 

c. High reliability. 

d. Time constant, - several seconds. 

2. Users. . 

' a. Temperature range (-100° to 300°C) . 
b. Detect minor temperature changes. 



IV. Light Sensitive Devices 

A. ' Photo voltaic cell (converts light directly 
.to electricity) 
. 1.. Efficiency, - up to 14%. 
' - 2. Uses, - satellite power, camera light 
meters, light-cqntrolled devices. 
3 : Most common materials, - germanium, 

silicon and selenium. 
4. Comparison with photosensitive resistor, 
a. Greater linearity. 



Tft-eTniocoupte— fV ol t aj g e produce d fr o m dis^ 

similar metals) 

1 . Properties. ^ 

a. ^Thermoelectric constants, - 'micro- 
volts/^ (obtain from handbook 
for materials' such as: nickel,- 
platinum, carbon, silver/ copper, 
iron, nichrome, germanium, silicon) 

b. p Voltage difference at junctions 

is a measure of temperature differ- 
ence. 
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c. Temperature range (to ^000 C) . 

VI. . Electromechanical Devices 
.A. " Mechanical to electrical 
,1. DfC generators. 
-2. A^C generators. 
^ 3; Microphones." 

a. Carbon type (external battery 
source) . 

b; Dynamic (electromagnetic), 
_„ \ . c. Crystal (Piezoelectric effect)*. 

x d. Factors to consider, - distance, „ . 
z N ' f ;noise level restrictions', frequency 
\ response desired, directional. 
\e; Phbnograph cartridges. 
* 4.. Strain gauges, 
Bv Electrical to mechanical , 

1. D-C -motors , - series, shunt, compound,. 
, - 2. . A- C motors, - synchronous, induction, 
shaded pole single-phase, capacitor- 
start motors," resistance-start motors. 
3. Universal (A-C or D-C operation); 
Gi- - Sound, producing transducers 

1. Speakers. * 

.a. Diameters and shapes. 

b. Frequency response. 

c. Power ratings. 

d. Impedance matching requirements. 

2. Headphones. 

a. Magnetic.,- 

(1) High impedance type (2000- 
10,000 ohms). ■ 

(2) * Low impedance type (5-600 ohms). 
* (3) Frequency response. 



-bz — Crystal- 

(1) - Very high impedance. 

(2) The piezoelectric effect. 

(3) Frequency response. - 
Reversible, process possible] 



4. Direction^of motion for electrons and 

holes. I ' \ 

Electrical properties of diode 
1. Volt-ampere characteristic. 
Resistive circuit model. 
Forward biasing! 
Reverse biasing. 
Forward resistance, R^-. 

6. Reverse resistance, R . 



VIII 
A. 



C. 



E. 



7. Resistance ratio. . 

8. Power dissipation. 

. Diode Types 

Zener diodes « 

1. Volt-ampere characteristic. 

2. Specifications and ratings. 

3. A voltage ^reference element. 

4. Constant voltage property. 

Tunnel . diodes and unijunction transistor' 

1. Volt-ampere characteristic. 

2. Specifications and' ratings. 

3. Properties as a fast switch.. . 

4. Tunnel diode oscillator -ciircuit . 

5. Unijunction oscillator circuit. 
Variable capacitance diodes 

Metal lie -rectifiers " » 

1. Volt-ampere characteristic. 

2. Specifications and ratings. 
Vacuum diodes 

1. Volt-ampere characteristic. 

2. Specifications and ratings. 

Diode applications (in resistive circuits 
only) -V 
Clipping circuits^ 



2. AND gate.. 

3. OR gate. *- * 

4. Halfjrwave and full-wave rectification 
(concept and use of load lines) 



PART 2: • SOLID STATE DIODES 

VII. The PN junction 

At Physical structure and properties 

1. P and N material. 

2. Structures to form diodes. 



% PART> 3: MULTITERMINAL DEVICES c 
IX. NPN and PNP transistors 
A. Electrical Properties 

1. Volt-ampere characteristic. 

2. Ratings and specifications. 
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3. Leakage currents, 

a. Collector to emitter, 

b. Base to emitter. 

4. Saturation currents and voltages . 
Analysis and circuit models 

1. NP.N.and PNP symbols. 

2. Graphical analysis. 

3. Load lines. 

4. Operating points. 

S\ When used as ^ON^OFI^switch. 

6. When used in linear operating range. 

Bfasic application (Resistive only) 

1. Amplifier, - linear operation. 

2. Waves hap ing when overdriven (emphasis 
on the effect of overdriving, - limited 
discussion on waveshaping.) ~ * " 
AND and' OR circuits, with transistor,, 
could be presented here. Limited 
studies, however. 

SjCR's and TRIACS ^ 

Electrical properties ,.1. 

1. % Volt-ampere characteristic. / 

2. Ratings and specifications. 

3. Gate control. 

Applications, in simple rectifier circuits- 
Field Effect Transistors (FET) 
Types 

A. M0S-- FET's . 
2.- - J- - FET's . 
Electrical properties 

1. Volt-ampere characteristics. 

2. Ratings and' specifications . 

3. Voltage controlled. 



4. Operating- point for linear operation., 
5; Saturation and cutoff values. 

B. Pentodes 

1. Volt-ampere characteristics. 

2. Ratings and specifications. 

'3. Load lines and operating points. 

C. Simple applications 

GENEKM GUTVELWES : 

The information and suggestions of these 
GznpA&t GiUdoZineA- for the subject- of.: Rea^ttvcJ 
EtzcAAOtvLcA are presented *to emphasize those 
major concepts, techniques of instruction and 
limitations' of subject* coverage for the course.. 
. More specific guidelines for classroom 
.^and laboratory activities will follow these 
general^guide lines . 

T/i/tee Pa/U^oi Restive EizcXAOYiioj^ 

The subject of RoAibtivz EZzcfrionicA has 
the three major divisions as presented in the •* 
topical ojut'lkne. These three groupings' are : ■ 
(1) Transducers, (2) Diodes and .(3) Multi- 
-terminal devices. m \ * 

"The course is essentially device oKiintzd 
which is the reason for these three identified 
I groupings. , . « ■ * ; 

Syttemb kppnoach Imp&ted . . ■ 

The subject of transducers, in itself, 
implies a systems approach. -Every complete . 
electrical or electronic system requires at h 
least one energy conversion device at the in- . 
.put (nonelectrical to electrical signai) and 
at least one energy conversion device at the , 



4. Input, impedance. 

Analysis And operation in circuits 

1. -Load lines. 

2. Operating point for linear operation. 

3. Saturation and cutoff values. 
Simple applications. £ 

Vacuum Tubes , * 

Triodes 

1. Volt-ampere characteristics. 

2. Ratings and specifications. 

3. Load lines. - 



output (electrical to nonelectrical) . The 
subject of ReAtAtivz ElzcOionicA -is the most 
convenient place in the curriculum to empha- 
size the need for transducers and to learn 
as much as time will permit about these devices. 

Emphasis on the volt-ampere characteristics 
of electronic devices also emphasizes a systems 
approach. Knowing the importance of the volt- 
ampere properties will permit the student to 
adjust more quickly to the use and application 
of new devices or of existing devices that, he 
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Bid not have time to study thoroughly. 

the devices .are approached from a terminal^ 
pr port standpoint.by concentrating on the elec- 
trical char which also implies a\ 
: :sys t ems = approach . \ 

The. systems app/ioach must not be confusid 
-Witlr a^jstudy; of *yttvmt> . . V s ' ; 

iJ^ifaikrQn Eizct/UcaZ VoJiamztVU* V 
As indicated; previously, Qny active device 
! SSV*'fcf approached by determining its electricalV 
^Sfigr^tCTist^s-=gt_ its input and output terminals 
\and"-transfer^ parameters . This' wtiveMai approach . 
> however, is *r eiiant upon the .determination pf ; k 
these 

' : ^thrpu^^the,use of specification sheets and/ 

■chara<^*eris'tlc. curves provided by the manufacturer 
or ? through the use. of instrumentation. The tech- 

,,niciah t must-be at ease with both, methods 

if he is to be effective as. an electronics tech- 

. nician. . „ 

Once these characteristics or parameters have 
•been - determined, the active circuit including, the 
device can be ariafy4#d through the use of either 
graphical methods and leadlines or the electrical 
model for the device. This subject, Rz&£t>tive. 
^^c^wnici, employs-devices in only resistive 
circuits and deals only with the resistive par- 
ameters" otTthe, cievice.. -This as to say that no 
capacitiv« v or inductive parameters of either the 

v cjLfcuit or device^. are considered. Consequently, 
jwhen the operation of devices in active circuits » 
are studied through graphical mdthods, only the 
D.C. leadline. needs to be considered.'" Likewise, 
in developing models fo r the device, we empluy 

% the pie'eewise linear model with no reactive com- 

I "ponehts . 

In analyzing active circuits and their re- 
sponse, there is a. good deal of associated cir- 5 
cuitry such as biasing networks that can be 
reduced through the use of equivalent circuit 
techniques learned in the resistive circuits 
course. , However, if these techniques are to be 
utilized to full benefit, the electrical par- 
me.ters of the device and its electrical model 



must be known. If this is the case, the circuit 
can be reduced to its simplest electrical equiv- 
alent, making its analysis much more convenient, 
and its function more apparent. 

The meaning and use of device parameters 
can be understood and facilitated only through 
an understanding of transf er..f unctions . Con- 
sequently, this ground work t is laid in the 
preceding resistive circuits course where the* 
student is exposed to these functions. . This 
unit or topic includes R, G, and H parameters 
from a port or terminal standpoint. ' 

T/ie ?hy*ia> $h EtzcXAonld Vzviiu Pe-Empfou^zed 

In introducing active electronic devices 
to students of electronics technology, the 
traditional approach has been to spend a coh- 
siderable amount of time dealing with the 
Physics of the devices. It is felt that with ... 
the overwhelming number of new devices appear- 
ing and 'the limited amount of timz available 
to study them, theC emphasis placed on the 
physics of the devices should, be minimized. , 
The student has only 2 years in which to pre- 
pare himself to enter industry in an Engineer- 
ing-support capacity and extensive amounts of 
time spent on the physics of devices must 
result in less time spent on the -solid founda- 
tidn in theory that he must have if he is to" 
grow and specialize in electronics in the 
future^ In order for the student to develop 
the ability to approach any new device and use 
it properly, his attention must be directed' 
to its electrical parameters, input-output 

^character istics, V/A relations h i ps , and t he 

curves that apply. 

Furthermore, an extensive background in 
vacuum and Semiconductor physics will be of 
titttt value, in the application of-devices. 
In the ETCDP curriculum; emphasis is placed on 
the use of V/A characteristics of circuit 
components in the courses preceding resistive 
electronics. With this background, the stu- 
dent readily accepts the introduction of each 
device in terms of its electrical parameters . 
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arid equivalent model.*. He then can move into the 
use of the device in active circuits with no in,- 
structiori.in the pjiysics or- fabrication of the. 
device. All that one- needs to apply the device 
is to understand its electrical parameters. The 
, physics are of little' value in this ^respect. 
However*, when each device is studied, mention 
may* heed to be made of the physics appropriate 
to the device .in. order to avoid having the stu- 
dent, worrying about how the device .works rather 
then concentrating on the electrical parameters ^ 
of the device. Once again, this must be a brief 
presentation.. The question might be asked, 
"Hoj* will an extensive background in the physics 
of devices help the student when he fs on the 
job as an engineering support technician?" . 

If the physics of devices are to be taught, 
pvihapt> the pKopzA place, iofi coverage ih in the 
Sequence 61 phytic* cotvue* that ail the 6tudent& 
take.. " 

As mentioned earlier, this course places 
• primary emphasis on the electrical parameters of 

the devices, both in the class room and labora- 
. tory. As with the physics of the devices, there 
has been a tendency to spend appreciable time 
dealing with th e processes employed in, the manu- 
facture of .the individual electronic devices. It 
seems that the physics of vacuum, gas and semi- 
conductor devices, as well as the manufacturing 
and packaging processes employed , might well be 
treated in a unit near the end of the course. In 
this unit, though, the emphasis should be placed 
on fabrication and packaging to allow the students 
to feel more at ease with the "packaged" and in- 



is laboratory-oriented and the time allowed for 
the course should be allocated similarly. 
Furthermore, the study of electronic devices 
as outlined here is more of a "real-world" 
sequence where the model s- for the devices are'more 
of an approximation than the models for passive 
components treated in the circuits course*. 

This course places major importance on the ^ 
devices from an electrical parameter basis and 
the laboratory with its curve-tracer and other 
instrumentation should be used to their fullest 
if accurate models are_to be employed in the™ 
analysis of active circuits. Semiconductor 
devices are not produced with uniform char- 
acteristics while many applications require 
specifications that are more accurate than the 
"average" characteristics provided with the 
device. The determination of these specifi- 
cations' is an instrumentation or laboratory . 
problem and is given much importance in this 
course. 

On the other hand, many .other applications 
of electronic devices do hot require such exact 
specifications and the technician should be 
able to handle these devices in active circuits 
with approximate characteristics. He should 
develop a "feel" for these active circuits 
and be aole to quickly determine "Ball Park" 
values for their circuit parameters. This 
intuitive understanding of common active cir- 
cuits can be developed only through working 
with a large number of them in operation. 

The introduction of new devices can be 



.tegrated circuits. 
m ke6JutLve Electronic* laboiatoiy-0>Uented 
The sequence of topics in the ciACXLCU 
courses are primarily problem-solving in nature 
with major concentration on the application of 
^theory and mathematical techniques to passive 
networks. Consequently, the emphasis in these 
courses is on classroom work. Likewise, because 
of the wide range of active devices to be covered, 
~ and. their inherent ,lack of uniformity , this first 
course in electronic devices and their application 



facilitated in many cases, also, through the 
analysis of the function of an active circuit 
leading to the analysis of the function of the 
device itself, culminated by the determination 
of'its electrical parameters. This approach 
lend 3 itself well to the development of an 
understanding of common applications of each 
device as well. 

The student can do design work early in 
the sequence in the laboratory where approxi- 
mate values for parameters are used and the 



ERLC 



158 



Istudent "strives for maximum performance of . - 

/ v v " • ' * " ; . \ 

the circuit, by adjusting or refiningrtfie values 
-of .circuit -components. . This "cut and^try ,r 
^ method: is definitely a valid k approach to t much 



vtesl~gn work and is often employed 



in inV 



us try. 



.oi 



This skill can be developed only through v exten- 
/sivje laboratory experience.. 

Finally, time needs to be spent on the oany 
applications of the devices studied -in the class- sequence 
.room.. This, too/, is a laboratory problem or\ 
type of activity. ; 

Sitting -Stcwted tuctft Rteibtivz ElzcJUvonlcM \ 
The terminal approach utilized ii> this se-, 
quence s of topics, along With the emphasis placed 

. von ^e;.electric devices, allows 

..us 'to -initiate our studies with a consideration 

/ oi z energy convert devices or transducers, 
^ese-deyices fit naturally into the sequence at 

"this point if we restrict coverage to their 
* electrical response to excitation, primarily on a 
graphical basis, without regard to the physical 

^pH^enpmena i behind" thei r op era t i on . * 

-rr- zr^^^lll^h® worK transducers should be 
-centered alput the laboratory, where we can arrive 
at the electrical characteristics of the- devices 
through experimentation and instrumentation.. 
This allows freedorf in the classroom in "letting 
the stage" or getting ready to move into the 
study of active devices through . the kind of in- 
troductory material included in Section I of the 
dutlihe"., - , 

The study of transducers might well be brok- 
en into two sections, the first being a consid- " 
eratiOrt of/Tho^e devices converting a non-elect- ~ 
. rical quantity or response to an electrical one. 
This could be followed by the opposite type of 
transducers, those that convert an electrical 
quantity or response to a non- electrical quantity 

* or response. % Several of each type have been^ in- 
cluded in the outline as examp£e6 only. There 
are many more worthy of consideration and the 

, instructor will wish to choose those to include 
on the basis of availability as well as import- 
ance. 

The -study of transducers can easily take an 



entire course if one were to be complete in 

their coverage. However, the Intent is to make 

the student aware of their existence and to 

allow him to feel at ease in using, them. It is. 

felt, that this can result through considering 
i ' . 

a | few typical transducers through concentration^ 

their filtct/Ucal /ie4ponAe. [Extensive amounts 

oxj time 6houtd not be spent in this introductory. 



THE TERMINAL- OR PORT APPROACH TO THE STW OF 

ELECTRONIC DEVICES 

I \ ' 

, The study of Resistive Electronics from\ 

I. - ' T * ~ \ 

a ".terminal" or "port" approach eventually be- 
comes, classified into' two categories. One is 
a power flow situation and other is a signal 
or waveform processing problem. This is some- 
times referred to by authors as d-c' or a-c 
parameters. m * 

These topics are well presented in many . 
textbooks in a very rigorous and thorough 
matter. 

The difficulty with presenting this ma- 
terial to the student is that he lacks a real 
"feel" or clear understanding of some very 
fundamental'^concepts- that -involve application 
from material lefcmed in resistive circuits. 
Once again the' major problem is Q&tting the, 
6twdtnt Ata/ttzd in a quantitative study of 
these devices and their related circuits. 

The graphical analysis, or load-line ap- 
proach, is still the best way to assure that 
the student will be able to relate p£incjLp_le$.__ „ 

previously lea r ned to the par t icular cUmrac- 

teristics of the device being studied. This, 
will help the student develop a visual or 
mental image of ho* the device performs. It 
will also allow him tc work with v/a charac^ 
teristic curves with which he should be quite 
familiar from his studies in Resistive Circuits. 

Let us consider a method for getting" the 
student started into this type of analysis. 
Given the problem in Fig. 1, predict v q and <L. 
Starting with this problem provides a high de- 
gree of familiarity for the student since lie 
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} has had resistive circuits and is quite capable 
of solving \the problem algebraically. However, , 
the instructor could suggest a graphical proce-" 
dure .as suggested in Fig. 2 and Fig. 3, a. concept 
whiob is developed as follows; - — 



r - 




Fig. 2 




Si n ce the desir ed voltage v Q is really 

ss ll . and the desired* current 
ab 



the voltage across 



I is also i, then the v/a characteristic . 

ao -j i * & ^ 

curve. at- the terminals a and b are of partic- . ** 
ular interest to thelsolution of this problem. 
The students* background is adequate to derive 
the v/a characteristic curve and! would be * !- 
familiar with <€he information shown in Fig. 2; 
The student would alsp be able to look at r 
Fig. 1 and appreciate-equation L and equation Z. 



(eq. 1) 



A. = 



"to 



(eq. 2) I 



R. 



If the student were to graph these two equations, 
for current ^c, he-would get the information'* , 
• shown jon Fig; 3. • » ^ t - * 

The student can see from the graph and 



equation 2 that when I « 0, y Q = 0, i 



The student "would j^lso recognize equation 1 
as the v/a characteristic curve for the-R ^. 
across the terminals shown in Fig. 2. 

However, this;, is a series circuit and 
there is only onej «£. Therefore, equations 1 * 
and 2 can be set equal to ea<ih other. If the \ 
student were to do that, } and solve for V Q ihe 



would get the equation V Q = -g- 



«x . ♦ R. 
ab L 



» , .Now this is' the Equation the student would 

have resolved for v if left to his/ 'own endeav- 

0 / 
ors and the information developed in the resis- 
tive circuits topic. 

Looking at!* Fig.' 3, v q can now be predicted 



graphically, as welFas i, by projecting back 
to the proper axis on the v/a curve for R^^ 

The answer to the problem was obvious to 
the student before the graphical analysis 
approach was presented. However, it does 
give a firm an'd logical introduction to load- 
line analysis ^nd it will provide a stepping 
stone to the next problem.. 

■ v, 



Fig. 3 
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Fig. 6 



essential and* are presented in Fig*. 5/ The 
solution is the same as the previous/problem. 
The big difference is that some xrjjl parameters' 
are necessary to solve the. problem./ The student 
is not as apt to question WH/ythe load-line of 



is "folded" across Jthe>ya characteristic 
curve as. shown in Fig. 6. The graphical solu- % 
jtion to the previous problem .should have 
'answered that basic question, which is so 
^crucial to .understanding devices and how they * 
relate to the overall circuit/ 
J The instructor can now point out the quies- 
cent point, normally called the (Q) point* andr 
begin the introduction to nomenclature needed 
jiater in the course. 
' ; The student should now be* allowed to vary • 
the circuit parameters influencing the device * 
- at terminals a and b. He soon finds that he 
has two*, variables once he selects the device" 

at terminals a and b; they are e„ and the value 

\ > s / 

of the resistance in series with tKe terminals 

a and b. Homework and* lab assignments along . 

this line are 6f particular interest tp the 

student and are very important to him in 

developing a feel for soraejvery basic concepts 

used in the more advanced study of circuits 

jf containing aciive devices. 

Ask the student' to design a circuit so 
that the lamp will operate at a particular v 
and I giving him the latitude to work back- 
wards from the v/a* characteristic curve of the 
device. \ 

-Next ask the student^f a rn^del could be 
constructed from the information on the v/a 



\ 



I 



The student is now asked to predict v q and 
I in the problem shown in Fig. 4. The student 
is no longer in a position to ^bypass the v/a 
characteristics for the device at terminals a - 
and b as was the case in Fig. 1. Now the v/a 
characteristics at the terminals a and b become 



characteristic curve of the device at terminals 
a and b that would allow the use of techniques 
developed in resistive circuits. What would 
this' model look like? 

Next ask the student if this information 
is available in a supply catalog and for him 
to find out for a homework or lab problem. 

Ilhc next step is an obvious one and it 
involves the connection of other two terminal 
devices at the terminals a and b and to make > 
similar applications. Devices that students 



1 



i 

I- 
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enjoy Working with this application are Photo- 
y iewitiye diodes, Thermistors, PN diodes , for- 
; , . ward and reversed biased > as well as Zener diodes, 

etc,. ■ -; • ' ' 

f % . / This graphical analysis technique developed 
-by. the Student \is important for hii" further, 
N study of* electronics devices , but ' a very impor- 
ant by-product ' i 9 obtaine^with this' approach . 
If is a .logical method ^or getting a visual in- 
terpretation "of what is happening in tue overall 
circuit, and this in* tun\ givts himva feel for 
the terminal or port approach to the study of 
Ithese' devices*, It twill be noted that the physics 
and *tfce. unique properties of the device are not 
diseased in I the analysis of the terminal char- 
. k acteri sties nor how. they affect jbhe circuit, ' 
^This^can^bestbe studied under sub topics such 
as; temperature coefficients, energy levels, 
.""•Mnority current carriers', etc. at a more apropos 
time, .and allows .the stuaent to move into a very 
practical study of devices, .their terminal char- 
acteristics and how they operate in the circuit. 

' Tfte T/uin&ition 'Xo Tfc/iee TvumjmJL flev-tcea 

A suggested starting point is with a v tran-; 
' sis tor. sihce;it is current*driv"en and this is a 
'problem for^some students and teachers if they 
• study voltage, driven devices first. A three 
terminal device could be considered as shown in 
Fig*. 7. , \ ' •« 



lb +lc «VO 



Fig. 7 

The student is told /to reference one of t|\e 
terminals, for example, >e. as was, terminal b back 
in* Fig • 1 and Fig. 4 of ^e two terminal devices. 

Approximation values are used at this point 

to help the student get the feel for the device 

■ * / 



and still allow him to do quantitative analysis 
work. < f , ' . 




Some general information can be given to 
the student about a transistor if the instruc- 
tor so desired at this point, but he could 

rely upon a general interpretation of the out- 

1 ° * • * 

put v/a characteristic curve for a common 

emitter and move I very quickly* into a load-l|Lne 
situation* The important thing to Temember 
when presenting this, material to the student 
is- to keep tlit nmbvij)i componwti to a 
rwjtunum. .Therefore, tfce circuit in Fig* 8 has 
many advantages for teaching this concept be- 
cause it involves three components , tw$ re- , 
sistors and a NPN transistor. 




(ma). . 




Fig. 9 




■-..Fig-. 10* 



lb 




Fig. 11 



Vec ^ce 



The characteristic curve- for the transistor 
shown in Fife. 9 can be shown and "qualitatively , 
explained to the^ student with the assistance of / 
the informi ,t ion shown in Fig. 10 and Fig. 11. i 
The formula is approximately equal to f 

V cc and at is represented in both Fig. 9/5 lOi, 
\ I ,'• . ' • r -L v 

\ The output v/a characteristic shown in\ 
Fig. 9 becomes easier for the student to com- 
prehend w4th techniques illustrated in Figures 
10 and II. 1 This helps-the student visualize 



jL^ is equal to some-predeter- 



/ 

-c and !v when- 
c / ce 

mined value, tig. 11 now represents a problem 
similar to the two terminal problems previously 
discussed, and of course can be handled simi- 
larly. and is illustrated in Fig. 12.. 
/ The (Q) point can now be discussed as v the 
, p^oint dependent upon ^ and the intersection^ 

i>f the load.-line for R r . Again this is an 

/ "S L 

|/ attempt" for the student to visually interpret 
some basic properties involved ~ih the study of 
• three terminal device. This particular one is 
a current driven transistor. 

Now is a good time to. illustrate both i»» 
a class discussion period, as well as in the 
laboratory, the concept of saturation, cut-off, 
and the linear region of .the device,- also an. 
apropos time to discuss* the influence of-^, 
v , and the value of R. along with the partic- 

CC • L 

ular characteristic curve of the three terminal 




current driven device selected. Exposing the 
student to high and low beta transistors along 

with the transfer function involved in beta, s 

S ■ 

~ari"d~lts graphical explanation, becomes very 
helpful and meanvngfu-1 to the student. The 
"a-c 1 ' load-line is discuss ed at a later time 
as there always seems to be a little misunder- 
standing in what is entailed in the selection 
o( the a-c load-line not to mention the effect 
of capacitive coupling. Signal processing can 
be discussed using'only the d-c load-line. 
Most authors do a very satisfactory job in de- 
veloping the a-c parameters of this circuit, 
if the teacher feels it is necessary at this 
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'time!, (CAUTION: keep coupling capacitors LARGE). 




Signat ok Wavt&oim Pnoe&>t>irtfl 

Studeits have an orientation problem when 
it comes to model construction for active 'de^_ 
vices such as the one illustrated in\Fig. 14. 
The problem results fron« students not\having, 
a clear understanding of the 



difference 'between 



the quiescent power flow conditions of \the 
circuit and the overall signal parameters. 

The helpful "technique rjor getting th 
student started in model construction for 



n with a circuit 
15. 



analysis purposes is to beg: 
such as illustrated 1 in Fig. 
plained to^the student, as bping a power sour\ce, 
ibut a signal ground point*, f The students 1 bapk- 



• v is ex-\ 
cc 



. The next step fcould be to do~a^rmTlaT~anal~ 
ysi's with- a voltage driven device such as FET, or 
a triode tube- Anqthei AegicalTsiep in the devel- 
opment of these concepts would be to-work with a 

i 

power curve, in terms of the basic formula, , 
P = el by going clear back to Fig. 2 and devel- 
opir^;this .curve as (illustrated in Fig. 13. 
/ - * Apply it again- to two and three terminal 
devices and' makfe ; reference to supply catalogs. , 
The d-c load-line fbr R is a logical plaoe to 
'develop switching, ampj'lif icafion and other basic 
concepts involved in the study of devices and 
their related circuits. It is also an ideal 
place toget the student to develop resistive 
models for, particular points on the d-c load-line 



I ground in circuit analysis jwith Theveni^s 
jcircuit reduction techniques allows Fig. 16 td 
)>e logically explained; / \ : 

^-The^tudent will v also notice the voltage, \ 
9 polarity references shown| in Fig. 15. Laborator)f 
clarification may be nece'ssary anji helpful. 
Looking at Fig. 16 the student can be 
i oriented to »r . from the standpoint that ter- 
minals b and- e have a voltage across them as 

i 

\ well as a current flow between then* therfore,' 
there must be a V9lt/ampjere ratio, 



r . 

A, 



V. 

in 



. ; so that helmay apply 
i to sol^utioi): 



advance woik. 
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network analysis techniques 
is, anil, thereby set the stage for . 



Fig. 14 
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The same is true of terminals c and e called 

\ v j — 

s F Ce 

. o " jl 

ce 

The beta term has, been developed front pre- 
vious ^ work with the d-c load-line. The model 
constructed in Fig. 14 is now easily explained 
to the student and o^f course will fit into 

Fig. 16. 

The significant point to 
make at this time is that signal 
flowj is normally in a horizontal 
direction across a schematic 
diagram, whereas, power flow is 
in a vertical direccion. 

Once again authors^ have a 
very satisfactory approach to the 
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.. development of a-c parameters for these devices. . 
Students have very little problem once they have 
clearly distinguished between the two basic prob- 
lems for three or more terminal devices, that is 
the d-c or quiescent conditions versus the signal 

• -parameters. • 



Once the student^ is able to appreciate the 
qualitative aspects of these models; he ^s in 
a position to utilize techniques developed in 
his circuit analysis sequence to study and pre- 
dict the signal response of active multiterminal 
devices. 



\ • 




Fig. 45 



/ 




Fig. 16 
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LABORATORY GUIVELINES FOR RESISTIVE ELECTRONICS 
0 "The subject of ReAlbtivz Ei&ctAotiicA is de- 
vice oriented and as such, it is also laboratory 
oriented. In other words, the classroom topics 
for discussion are largely controlled by the con- 
tent and sequence of activities in the laboratory. 
The projects that are presented here are, there- 
fore, suggestive of activities for both the. class- 
room and the laboratory. The information pre- 
sented with each project is in general terms' as a 
guideline for the /instructor. More detailed in- * 
formation and instructions are ^needed for the stu- 
dent. The projects, it will be noted, follow the 
sequencing of topics as previously presented in 
the outline. Make good use of specifications and 
catalogs, 

PAc/ect No* 1: Sx^tcituiQ VtV-LCZA 
I„ The student will sketch schematic diagrams, 
using standard symbols, and set up circuits 
in the laboratory to do the following: 
A, One switch for on-off control of one 

light bulb (#44). 
B* One switch for simultaneous on-off con- 
. - trol of two light bulbs (#44 and #47). 

C. One switching device to control the two* 
bulbs such that one is on when the other 

. is off. 

D. Two switches to control one bulb. Either 
switch can operate the light bulb. 

E. Three switches to control one bulb. Each 
switch shall operate the bulb- regardless 
of "he position of the other switches, 

II. Investigation of the making and breaking 
voltages of selected relays. 

A. Know the type of switching action repre- 
sented by each relay. 

B. Comparison of voltages required to open ° 
and to close a relay. 

III. Operation of reed switches in a circuit. 

IV. Investigate the various switches available 
as time permits* Be concerned with: Maxi-, 
mum frequency, xf power* type of switch con- 
tacts, life expectancy, voltage, ratings, 
connections, price, *etc. 



Pto/ect Wo. 2: Protective Pev-ccea 

I. Fuses: Inspect a variety of fuses as to 
current rating, resistance, voltage drop 
under ,full load, time to blow, and other* 
characteristics . 

II. Circuit Breaker: Investigate and explain 
how a circuit, breaker works. Investigate 

speed 'of operation. , r • 

<• » i < 

P*o/ec$ No. 3: CdUU and ScuttVute 

/ 

I. Identification of defective cells in multi- 

v terminal batteries, . 
IK Finding internal resistance. 

III. Circuit^analysis problems using cells and 
batteries^ (could be a homework assignment), 

A. A few problems on finding internal re- . 
sisrance for given circuits With neces- 
sary information" to do this. 

B. Circuit analysis problems" where internal 
resistances are given. 

Pro/ect Wo. 4: Liglvt Producing Vzvicte 

I. Inspection of a variety of bulbs as to style 
and base. . 

II. Determination of volt-ampere graphs of a~ 
light bulb (#44) "to concentrate on its non- 
linear properties. 

III. Operation of a bulb at different voltage 
ratings to observe brightness as° a function 
of voltage (within> ratings, of cour°e). 

IV. Investigation of a relaxation oscillator 
"using a neon bulb to observe frequency 

control, resistance control, capacitance 
control and voltage control. 

P/io/ec£ Wo. 5: Ligivt SzmajUvz Dev-tcea 

I. Operation of a photo cell in a circuit, 
using the scope for observations of wave- 
forms, etc. Use different types of cells. 

II. Measurement of resistance characteristics 
of photo cells. 

III. How photo cells can be used (circuits) to 
control larger devices. 

IV. Sensitivity of photo cells to wavelength 
spectrum (classroom). 
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PAujcct WJ. 6: t&npwi&tu/it Sensitive Vw-iccs 

I. Investigation of thermistors as to effects of 
temperature change on current. Observe 

. jthermal run-away also* 

II. investigate the operation of heat-sensitive 
i detectors . 

III. Investigate the simple electric thermometer 
for the purpose of preparing a graph of re- 
sistance as a function of temperature. 

Project Wo. 7': Elzc&iomzchatiicaZ Pev«tc&6 

I. Sound producing devices: 

A. , Measurement of the D-C resistance of 

earphones 

B. How to connect several loudspeakers (4- . 
ohms each, for example) to operate from 

a 4^ohm output of an amplifier. 

II. Study of the operation of motors (assuming 
a motor kit is available). 

A. D-C motors: t * 

1. Operated with bar magnets. 

2. Operation with electromagnets. 

3. Important motor principles. 
B» , Split -phase capacitor motor: 

1. Without capacitor: 

a. Will not start without help. 
b\ Will run in either direction. 

2. With capacitor: 

a. . Will start without h^lp*^ 

b. Direction of rotation dependent 
on connections to auxiliary wind- 
ing. 

c. The capacitor is bipolar electro- 
lytic. 

3. Principles of operation. 

C. Motor-generator system: 
1. Mechanical coupling. 

_ 2.^ Generator loaded. 

S'.; Principles of operation. 
NOTE: Now is an appropriate time for an exam inac- 
tion- -classroom type and laboratory type. 

Tne classroom examination should have been 
*> 

questions, each one of which is answered 
briefly and to the point. The laboratory 
p part of the examination will test students 

o 



on connections and operation^ .of specified 
N circuits. 

PAoject Wo. S;. l/ott-Awpe/ie Chcviact<>Aa>*>tLcA o£ 
Vioda> a \ 

The volt-ampere characteristic of a number 
of different diodes are displayed on the screen 
of an oscilloscope. Or, a curve tracer instru- 
ment could be used. In either ease, the vertical 
deflection will be the" current and the horizontal 
deflection will be the voltage. If the oscillo- 
scope is used, the student wi}l need information 
on how to set up" the circuitry, and 3 connect ions 
to the scope. » 

Compare silicon diodes with germanium diodes 
with Zener diodes of different ratings. 

PAo/ect Wo. 9: Simple, VJuodd duiQjjJJU 

I. An audio oscillator is^connected to a series 
circuit containing a g'iven resistor and a 
given solid-state diode to observe and in-' . 
terpret the following: * 

A. Waveform adross resistor at different 
frequencies. 

B. Waveform across diode. 

C. Effect of reversing diode in A and B. 

D. Filtering action with a capacitor across 
the resistance. 

II. Operation and waveforms of a full-wave rec- 
tifier circuit. 

III. - Diodes operated with reverse voltage. 

A. Silicon and germanium diodes. 

B. Magnitudes of reverse current.* 

C. Temperature coefficients considered. 

PKojzcX wo. 10: Zene/i diodz* 

Set up simple series circuits with one re- 
sistor and one or more Zener diodes in series. 

A. Use D-C source and observe or determine: 

1. Current for given values of series 
resistors, with and without a load 
resistor across diodes. 

2. Value of resistors for rated 
currents. 

B. Use sinusoidal source. Observe and in- 
terpret waveforms, recording all D-C 
levels. 



Project No. M: Tite -SCR and Pttac 

Good circuits for this experiment are found 
in manufacturers 1 handbooks. Studies should be '* 
made with both ~ D-C source and an A-C source. 1 
For the D-C source study, simply connect the 
source in series with a light bulb and the SCR. 
To trigger, connect the gate to a low voltage 
bias supply. This can be connected or discon- 
nected by hand.. The student should observe th'at' 
-the circuit *is activated in this way. But, to 0 
iurn the bulb off, the main circuit must be dis- 



connected. , 
With an A-C circuit, the amount of conduc- 
tion each cycle' is controlled by the signal to 
'the gate. The^ waveforms should be studied. 
NOTE:. This is a good time for' an examination on 
diodes. The questions shouid cover symbols, 
waveforms/ circuit diagrams, specifications, 
ratings, etc. 

Project" No. A 2: PtanA<t6to4& 

Activities for this project involve: 

A. Testing of several transistors: 

1. Is it 'an NPN or a PNP? 

2. Is it defective in either or both 
junctions? Check the resistances 
under reversed bias conditions. 

B. Operation of a simple transistor circuit 
with D-C biasing control only. 1 

1. Conditions necessary to place tran- 
sistor in the active region. JJse 
volt-ampere characteristic curves 
as a guide. 

2. ^ Check operation of transistor cir- 

cuit under temper.- ure changes. 
' C. Operation of transistor amplifier with 
a sinusoidal signal and observe and in- 
. cerpret,: 

1. Conditions for linearoperation. 

2. Inversion. 

3. Distortion. 

4. Clipping of waveforms when over- 
driven. 

Piojict No. J 3: Unijunction TMin&iAtoi 

A study of the volt-ampere characteristics 



of a unijunction transistor and its operation 
in a relaxation oscillator circuit. 

P/iojdU No. 14: FETV 

A study of the volt-ampere characteristics 
and the control and operation of FET in a simple 
amplifier circuit. 

Project No. J 5: Vacuum Tube CucuXft 

The total curriculum will not devote much 
time to vacuum tube circuits. This project 
should be more 'of a practical circuit than the 
other projects o f this course. As an example, 
the student would study a two-stage circuit to 
operate a loudspeaker, where a signal feeds an 
amplifier, then coupled to a power amplifier and 
then to a speaker. The student would concen- 
trate on the voltage gain of each stage. 

A TYPICAL FINAL EXAMINATION 

The objectives for the subject of Resistive 
Electronics are illustrated by the types of ques- 
tions included in a typical final examination; 

A. A set of questions in which the student 
gives the schematic symbols for a num*: 
ber of devices. The terminals are iden- 
tified if necessary (fuse, thermistor, 
battery, diode, abbreviations for 
switching conditions, Zener diode, 
diac, SCR, triac, PNP and NPN tran- 
sistors, unijunction transistor, etc.). 

a 

B. A set of questions in which the student 
is required to sketch the typical volt- 
ampere graphs of specified devices. 

C. A set of questions that invgXy&ZZUzgj 

1. Sketching a schematic diagram for 
specified control with switches. 

2. How the frequency of a relaxation 
oscillator is controlled and why* 

3. How certain types of circuit 
breakers work. , • 

4. The kind of temperature coefficient 



for a thermistor. \^ 



How the resistance of a photo cell 
changes as a functior| of light. 
6. When to use an FET rather than a 
transistor. 
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7. - Definition of B. 

8. Definition of p. 

9. Sketching of waveforms for given 
diode* circuits . 

; D. A set of questions where student is re- 
; . quired to sketch circuit diagrams to 
perfgrm^ certain specified functions: 

1. A workable unijunction transistor 
circuit with waveforms. 

2. A basic transistor amplifier cir- 

, cuit complete with bias, input and 
output waveforms. 
. 3. A light-dimmer circuit using a diac 
. or a triac." 



4. A tunnel diode circuity that will 
oscillate. \ 

5. A relaxation oscillator uVing* neon 
bulbs. - \ 

E. Design of a single-stage tube-type\am7 
plifier. Specifications and limits of 
operation are given. The student will?, 
gfe. 1. Draw load line on the characteristic; 
curves provided. 

2. Decide on Q-point. 

3. Identify plate current and voltage. 

4. Amplification of circuit* 
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PULSE ELECTRONICS (ELECTRONICS I) 




DEFINITION 

Potae E£ectA0»u.C6 is a study and analysis 
of active circuits in which the electronic de- 
vices are operated in the switching mode. 

mot CONCEPTS ' \ * 
> 

Since diode actions occur when electronic 
devices are operated in the switching mode, this 
mean; that two or more circuit .models are needed 
for . the analysis of pulse circuits. The student * 
must come to fully appreciate the concept of 
circiit models and the changes that can .occur 
in these circuit model§. Then once the possible 
circuit models, are known,, it becomes a normal 
kind of circuit analysis problem provided the 
student knows the conditions and the time inter- 
vals under which a model is applicable. 

. The teaching and learning problems for the 
course* are- larger/ related to a student identi- 
fication of the circuit models rather than to\^ 
the analysis of these circuit models. This sug- 
gests that much of the desired^ learning and know- 
ledge will not be developed if the instructor 

ways identifies the circuit models for the 
stuttent. 

8EKAI/I ORAL OBJECT! VES s 

The stu^ejtt upon successfully completing 
the course shoiild have the ability tor: 

a. Analyze, with ease, the response of any 
electronic circuit where the electronic 

% devices are operated in the switching mode, 
* provided the circuit models are restricted 
to resistive circuits and STC circuits. A 
large? majority of the practical circuits 
will, fall within these restrictions. 

b. . Select a circuit and design the select- 

ed circuit to give a desired response such 
as: An output pulse of controllable time 
duration, with or Without a prescribed de- 
lay, and with prescribed magnitude 1 imita- 
tions r A ramp function with a prescribed 



degree of linearity and with prescribed time 
durations and magnitude limitations. Select 
and design logic circuits, clamping circuits 
clipping circuits, the multivibrators, the 
Schmitt trigger circuit,' sweep circuits, and 1 < 
signal gating circuits, 
c. Understand triggering "techniques, where 

applicable, and to select and design appropriate 

triggering systems. 

t 

PREREQUISITES 

The subject of Pulse Electronics shall have 
the. subject areas of Resistive Electronics and 
STC Circuits as the primary prerequisites as 
illustrated by the following flow chart: 



Resistive Elect. 



Resistive Ckts. 



STC's 



INTRO 




PUUSE 
ELECmOMCS 



Linear Electronics 

OUTLINE 

This topical outline for Pulse Electronics 
should be regarded more as a subject-matter 
package rather than as a course. See Chapter 
10 for specific suggestions as to^ content by 
courses on quarter and semester plans. 



Note : The QutLLnz fati PuJUt 'El£cA/ionicA a begins 
on the next page. 
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-Resistive Diode Circuits 

A. Single diode circuits ' 
1. .Sir^le-lpop (series) circuits 

a. The four basic ctfjode clipping 
and limiting circuits. 

b. Control of limiting (clipping) 
level with biasing voltage. 

c. * Influence of diode forward 

resistance on circuit design. 

d. Influence of diode back resistance 
on circuit design.. 

e*. .Influence of diode resistance 

- ratio on circuit design"? ' 
f • Influence of volt-ampere non- 
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OUTLINE FOR PULSE ELECTRONICS 

II. Review of Exponentials (voltages and 
currents expressed as a function of 
time) 

1. The general equation for a volt- 
age or current exponential. 



linear characteristics on 
.circuit design.] 
2\ t Multiple-loop single diode circuits 
tequires the Use of two or more 
Resistances and one or more biasing 
voltages and a diode . ) 
a/. Techniques of finding the critical 
value*: jpf^ e g to place diode in 
transition state. 

1. By assuming diode is non- 
conducting and setting diode 
voltage to zero. 

2. By assuming diode is conduct- 
ing and setting diode current 
to zero. 

3. Value of Thevenin ! s and 
superposition theorems. 

b. Control and influence of 
attenuation factors when dfiode 
is not conducting. 

c. Circuit design to control transi- 

* tion level of diode and, conse- • J 

* quently, the circuit response. 
Multiple-diode circuits. 

1. The number of different possible 
circuits is one more than number 
of diodes. 

2. Response of two-diode circuits. 

3. Response of three-diode circuits. 



T 



t as 



(E - E ) e 
as o 



i = I - (I 
t as as 



as 

cases . 



0, or E = 0, as special 



/ 



III. 



3. " The slope at* any point on the 
exponential, including initial 
slope. 

k. Finding the voltage $ r or current, 
1 at given -instants in time. " 
5. Finding the instants in time- 

at given voltage, or current,. , ' 
values on the exponential. 

t. - t a T In K as ~ E o 

, 1 °\ c E - E, 
as 1 

. 6. Calculations over small portions 
? - of an exponential. 

7. Conditions for assuming expo- 
nential has reached asympototical 
value . 

8. Per cent ^( or per unit) slope * 
deviation - a measure of non-> 
linearity for a portion of 
exponential. * . 

Resistance Switching in RC Single-time- 
constant Circuits. (Circuit models 
derived from practical electronic cir- 
cuits. Switching cc^icitions defined — 
.no diodes nor transistors in the 
models). 

A. Conditions defined such that one or 
more of the exponentialS|Complete.. 
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^ 1- Output voltage across resistive 
branches . \ 
a.* With and without biasing 
» voltages. 

- - b. Voltage across .total equivalent, . 

j 

resistive portions «of circuit - 
excluding only the capacitance IV. 
voltage. 

c. Resistive circuit attenuations. 
Voltages across a portion of 
equivalent -resistive circuit. 
2. Voltage across capacitive element. 
>. .Ris^fcimes. » . 

\ b.- Techniques of ^generating ramps. 

' **c. Sawtooth,, or repetitive swesp 
waveforms . 

d*. Recovery times. 

e. Capacitive attenuation of steps- 
(single-time-constant circuit 
with two capacitive elements). , 
B. Conditions defined such that none of the 
exponentials complete. (Requires area- C 
ratio concept)- 

1. Sinusoidal Source - Capacitance is ■ 
arbitrarily large. 
. a. Output voltage across equivalent 
. resistances, i (Here, there will 



be no distortion of sine wave 

\ 



only d-c displacement dependent 
on resfstance"ratio) 
b.> Output voltage across a portion 
of equivalent resistances. 
* (Here, positive and negative 
portions are attenuated different 
amounts.) 

2. • Rectangular Sources * , 
a. Output voltage across R of the 
possible circuits. 

1. Time-constants small. 

2. Time-constants intermediate. 

3. "Time-constants lar£e. (Here, 

output steps are eouarr to ^ 
input steps . ) ; 



b. Output voltage across a portion 
of resistive equivalent circuit. 
(Here? output steps are atten- 
uated. Positive and negative- 
going steps may be attenuated 
by different amounts.) - 

RC-Diode Circuits (Single T tirae-coristant, . . 
circuits having only one diode.) 

A. % All 'time-constants are not large^ 

(Us,e rectangular sources only.O « 
jj^i The two equivalent circuits % 
% 1. One with diode 
• conducting. 
2. One with di'qde not 
conducting. 
% b. Controlling ON and OFFV times 

of diode. ** 
* "1. With time constants. 

2.' With biasing voltages. 

3*. With magnitude of sources. 

c. Possible waveforms, other than 
the .rectangular wave, that can 
be generated. 

« 1. Positive spikes only. 

2. Negative spi'tes .only . 

3. Positive spike overshoots, 
lj. Negative spike 

undershoots. 

d. Holding diode off completely 
with biasing, or pulsed' 
voltage. 

B. Clamping circuits (Requires high 
resistance ratio). 

1. The three basic clamping circuits 
dependent on location of biasing 
# voltage. , 

Biasing voltage in series 
with diode. 

b. Biasing voltage in series- 
with resistance. * r} 

c. Biasing voltage in series ' 
with parallel combination 

of resistance and diode. 



2. 'Conditions for clanging, 
"a. Positive-peak clamping, 
b. Negative-peak clamping. 
. 3.. Conditions for no clamping. 
M. Response of clamping circuits to 
different sources. 

a. . Rectangular sources. 

b. Sinusoidal sources* 

c. Others as desired, such as 
saw-tooth waveforms* ' 

• 5. Avoiding clipping effects in 
clamping: circuits. 
Transistor Circuits without Feedback. 
A. .Review- of Transistor characteristics . * 

yith emphasis for overdriven applications. 
" T. . _v CE (§AT) and dependence on 

2. » 0 characteristic 
' , *a. Interpretation of Leakage \ P 
current and resistance, 
.b.- Conditions for collector current * 
to be\ zero.*. 
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k. Base-to-emitter resistance . 
characteristic'. 

5. Collector junction^re verse voltage 
characteristic. „ 

6. Emitter Junction reverse voltage 
characteristic. 

7. Base-to-eziitter properties as a! 
• ' diode . 

8. Collector- to- emitter properties as- * 
a diode. 0 

B. Analysis of single- transistor circuits , 

operating under switching conditions.* 

1. Input Circuits (Evaluate ^e/^b 

and'v ) 
ce 

a. Variations of resistive coupling 
(Circuits similar to Part I - 
Resistive diode circuits ).. # 

b. Variations of R-C coupling (Cir- 
cuits similar to Part IV ~< RC 
diode* .circuits) . 



2. Output circuits, 
a. Variations of resistive 

. ; - circuit loading. 

" $ . b. Variations of RC loading • 

3. Waveforms generated^ 

a. Square wave output from 
sinusoidal sources. 

b. 'Output pulses of controllable 
• time durations ftfom RC inl>ut 

circuits and rectangular 
waveforms. as source. 

c. Ramp outputs with-C-loading — 
d % Trapezoidal outputs with 

RC loading'. f : • 

e. Positive spikes, or negative 
spikes, only from RC-diode % * 
loading. 

*U. Similar studies with FET's. 
C. Analysis of two-stage transistor 

circuits. , . * . 

; « j 

1. Resistance coupling. 

2. RC coupling. . 

3. Like transistor circuitry. 

U. Complementary transistor circuitry. 
VI. Regenerative Circuits. 

A. Astable Multivibrators. 

1. Normal operation (Transistors 
biased to saturation). 
- a. Evaluation of waveforms. 

b. * OFF-times--for "e'a^^ranTistoiT. 
* c. Rise times. 



0> 



d. Recovery times. * \ 

e. Synchronization of Astable 
•Circuit. 

/ f . Unbalance limitations. 
2. -Abnormal operation (Transistors 
biased in active'region) . 

a. Waveforms generated. 

b. Interpretation of waveforms. 
B.' Monostable Multivibrators. 

a. Triggering techniques. 

b. Two types of circuits. 

1. Fixed bias. 

2. Self bias. 



c. Principles of/ operation, 

d. Evaluation ,ot waveforms 



in both 



e. 



D. 



types" of circuits. - m ■ 
Need fo/ unbalanced circuit. 
BistableyMulti vibrators, or Binaries. 

a. . Trjfggerirtg techniques. 

b. Principles of operation. 
Schmitt Trigger Circuit, or Voltage 
level .discriminator. 

a. -Purpose of circuit. 1 
Principle of operation. 



*b. 

C; 

d. 



•Need for unbalanced circuit. 

; 



E. 



Hysteresis problems and methods 
. of improvement. ' • 

Logic Circuits: 



_a. ; -AND f 

• ■ <• c. NOT 

d. ' NAND 

e. , NOR * v ... 
VII. Special Purpose Devices and Circuits. 

A. Unijunction Transistors. 

„ . 1. ^Volt-ampere characteristics. 
2. Relaxation- oscillator circuit. 

B. SCR's. 

li Volt-ampere characteristic, v 
2. Applications. 
■C. Counters. . 
"1. For controlled delay. 

a. Decade counters. I 

b. Counting .to any number. 
2. For Storage df Count. 

D.' Phase Shift Registers. • 
10 E. Diode Matrix. • , 

GEWERAL GUIDELINES ' ' 9 

~~ ' ThesetGEWERAL GUIPELIWES identify the 

concepts, subject matter and techniques of 

instruction, that are most important for the 

■ * i * ■ 

instructor to .keep in mind., More specific 

guidelines foir classroom and Jab6ratory activit- 
ies wi€| follow these general guidelines. 

GznVial £e6j>o*t4e Function* o& VvJUi GfaajuXfiij 
There are a great number and variety of 



automatic industrial control systems, automatic 
monotoring .systems a nc aut omatic measuring sys- 
tems that are dependent on the functions that 
can^ be performed' with pulse circuitry. These 
kinds of systems /operate in the time domain 
where events of operation are in a required 
time-sequence and/or synchronisation. 

The particular circuits, wifjfiin these^sys- 
terns have-the~three r generai functions of, 

a. Generating required waveforms. 

b. Holding ,k required voltage, or current, 



W 



a prescribed peri«od of time. 



c. Providing accurate time, references for the; 
time-sequence event^. 

The Generated Wavz^onm and THiua Stgjujfccaiice 

/In general, the kinds of waveforms asso- 
ciated with pulse circuitry are anything other 
than sinusoidal. For the most part, these, 
generated waveforms are, / 
a. Pulses of -controllable,Jtime_duration and 

. 1 ! " ' - 

magnitudes^. 

*\ . ■ _ - 

b> Pulses \with~ controllable time delaysTn- 



eluding, "dead" time between successive 
pulses. \ '" 

c. Positive and/or negative spikes arid, 
'pulses of^small time duration. 

d. Ramp, functions of controllable slopes, 
-magnitudes and repetition rates. 

, In pther words, the most important wave- 
forms, in pulse circuitry are pulses, square * 
waves, spikes, ramps or" sweeps. Otheryspecial* 
ized waveforms may be required. In^any case, 
the out/ut waveform of a^ particular circuit is 
different- than the waveform which drives the 
circuit. Some of thefpulse forming circuits 
are oscillators that irequire no driving func- " 
tion . 

With these kinds of waveforms 'ttfe sequence 
oT events is timed, When scientific datS is" 
gated for measurement, and information and 
0 events are clearly arid accurately identified. 

TCte Tktee Ma/o* Vivibion* oh Vutsz C^cuitA 
. ~ Pulse Circuits can be» divided into three 



s 



.major areas of study. 

1. -Study, of fundamentals.— 

2* Analysis of the basic electronic circuits 

* used in systems, to generate required" wave- 

* • ' • 
forms. j 

%4 3* 'Special purpose circuits and sub-systems. 

The fundamentals for Pulse Circuitry in- 
volves two basic types of circuits. 
~- r — 1-v^Kesi stive- diode -circuits 



* 2. RC diode circuits 
T this suggests that the coupling' from, a. 
source to. an electronic device and between • lec- 
/tronic devices is either KQSlitivzjcoupi^pxg or 
","'RC (^upto^Jiqt most cases. Since' the electron- 



it :ic devices /act like one or more, diodes, when 
operated in the, switching mode/ then it becomes 
Very ^import ant" to* understand i -ib&<tfpLvo,rdiQd£ cin- 
w ~ cooti and „RC-d^devCtAcattA. A reasonable un3er^"~ 
-standing: of these two types of circuits makes it 
possible to interpret and analyze the response 

■ of* the remaining circuits and sub-systems of the 
- ^course with minimum. difficulty. The students t 
will actually develop an ability to "read" cir- 
cuit 'Responses. 4 ' , 

^ffie BaAic Eizct/LonLc CJUtaiUtt* 
; the point should be* made, first of; all, 

'that the devices of pulse circuitry are scmicpn-^ 
ductor devices and I.C. packages. Studies with . 
vacuum.tubes are not necessary and are discourag- 
ed. . T^* m 

, One could list a large number Of basic cir- 
cuits (clippers, limiters, clampers, pulse 
stretchers, differentiators, integrators, relax - 
ation os'.illators , the multivibrators, sweep 
circuits, Schmitt trigger circuit, ...) that are 
common "knowledge. In^addition there are cerfain 
pu lse ihapl ng~trc cTonfiques^ where^ the circuitry is 
not always conveniently identified by a name for 
the circuit. ^ThcsJ techniques may involve no 
more than changes in a bias voltage, or a time- 
constant, or a resistance, ratio, and so on. In 
* other '"words the circuit configuration may be the 
same for a large variety of different, responses. 



The teaching of pulse circuits requires a 
careful selection of sequencing and grouping of 
.topics. Emphasis, must be placed on the response 
of a circuit and how this response might be 
changed. 

Special PuApptc CiiauXx a}id_Sub-4ij6£o.m!> \ 

Circuits to perform the following functions^ 
are illustrative of the special purpose cir- . 
cuits as interpreted for this course. / \ 

* a. Diode matrix for readout of digital counters- 
b. Current devices for magnetic , storage ele- \ 

ments. .. „ 

9* Modifications of sweep circuits fpr linear- 
* ization of ramp function." 
t d. Driving circuits for SCR's. There are a„ 

• ' number of variations. 

e. Current summing circuitS| for D-A conver- 
sion, j, * 
f Special coupling techniques. 
g» fihase-shifting techniques: * 

h. Rotating electronic switches. 

i. The tri nary counter. , 
i . Choppers. v 

Tl\e\sub v -systems , as defined for this course, 
include Ntft<f o 1 lflpirfg: N \ 

a. Counters'. • * 

b. Shift-registers. , * 

c. 1 Delay units- 

. d. Scanning techniques. • " " ^ 4 * - * 
e. Memory techniques. 

f\ Synchronization sub-systems within complete 
systems. „ * 

Thz'ttajoi Concept Analysis oh PuJLblt CaacivU* 
* * 

Since diode actions occur when electronic • 

* r , •* 

devices are operated in the ^witchi^g mode, this 
means that two or ruore circuit models are need- 
ed for the analysis of pulse circuits. The stu- 
dent must come to fully appreciate the concejrt 
of circuit models and the changes that can occur 
in thes,e circuit models. Then once the possible 
circuit models are known, it. becomes a normal 
kind of circuit analysis/problem provided* the 
student knows the conditions and time intervals 
under ;which a model is applicable. 
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fhz Slgrii&iccuit jkduuquoA Miaty*i$< o$ 

j^plyin^Thevenin's theorem and the super- 
I" position theorem are extremely valuable techniq- 
ues for the /analysis of the various circuit mod- 
els.yrif pulse circuitry. . » 

, Thevenin's .theorem becomes especially val- 



JDOl/lfd 



\ 

I uable and -even essentia 1 in some cases. It per-* 

-. \ I /'/*// ^ * 11 

/ *Jts% identification of resistive-attenuation *' < 

f ^acto/s when needed and i}ie identification of the* ' 

time/constant of an f exponential -as well as v the 

^asynptoticar value, of that same exponential. An 

-example will> illustrate. 



diode 
J (bJ The\diode 





FIG. 2,* The. two equivalent circuits, 



nonconducting and 
(ideal diode considered) 
conducting, hot ice thtTappTi cat Ian" 
of Thevenin's theorem 'for circuit (b) 
- and the, advantage of the attenuation 
factor in fini v fl from Vq. Notice, 
also, that the time-constant and the""" 
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asymptotical values— ate easily deter- 
mined for vo in the first circuit and 
for y 0 in the second circuit. .Simply 
attenuate to get the true asymptotical 
value for u 0 in the se?cqi\d circuit; 

Jhe Thevenin's theorem is,- of course, applied 

* ■• , - / 
only to resistive portions of pulse circuitry. 

* / 
Whether ^he circuit is purely resistive, , or whe- 
ther the circuit contains capacitance (or induc- 
tance in a few cases), this technique of using 

T^ievenin'.s theorem nesds to be/emphasized. 

/ * / 



■n ... 



The second very useful theorem to assist v 
y. in the analysis of^pulse circuits is the super- 
J position theorem. Again, this theorem should 
f ,,' be 'applied only to resistive portions of such 
' circuits. ' .An example will illustrate. a 




m 



FIG 3 The given circuit model 
«> 

. The .giv eh- circuit illustrates a circuit mod- 
el'thSt VcuVs in many different pituati-ons 
where'xwo scutes' are involved as indicated. She 
\ two equivalent^pircuits (diode conducting, diode 
not tfonductrng) r ecu Id be sketched as Hi the 
.earlier -illustration The voltago e. is of^en 
a*d-c source*. "Sometime? it is pubises. The vol- 
tage raigh\V~be any kind of wdveforra* 

The superposition theorem coraes in as a con- 
"veiuent tool because of a summation oi two terms, 

ill this <#se. One. .term involves an gtftznuatieti 
. of ej and th\ otMr t*rm involves an attenuation' 

of e 9 . thus w v ith diode nonconducting, 

• " . \ 



-2 Rj * R 2 



Knowing the superposition theorem permits the 
writing of this equation immediately. This is 
much more convenient than trying to solve for 
the voltage across and tnen adding e 2> for 
example* 

Taking Advantagz o£ Knowledge orf ExpotwitlciU 

Whenever an exponential response is known to 
exist (steps- or ramps applied to STC's), empha- 
sis should be {jl^ced on identification of the 
three significant quantities of each exponential 



(E 0 , E as and x c ) . The student should be dis- - 
couraged in wanting to find a voltage on a, capac- 
itance, whenever possible, in order to eval- 
uate the exponential response. Practice in 
thinking directly to the exponential will pay 
big learning dividends. This- point has been 
emphasized for the course on STC circuits, 
which is a prerequisite to Pulse Electronics. ^ 

GU1VEL1NES FOR CLASSROOM ACTIVITIES 

Information and suggestions presei.tcd here 
arc pertinent to classroom instruction- Guide- 
lines for the laboratory will follow. 

Rui-ttLvQ. Viodc COicuU* 

.From Reactive tZtcfciotiitb the student will 
Mow the volt-ampere properties of diodes. Ex- 
cept for limited review of these V/A character-* 
isti.es, a diode symbol should be regarded as. 
an ideal diode. PU'de cxACOttA; afc&tc/ted foti 
tha Adipose o^.a»££/f4<t6, become coicwit mod- 

Modification of a circuit model td in- 
clude the back resistance, forward resistance 
"and a biasing voltage will adjust the model 
to more nearly represent the real conditions 
when desired as a part of the analysis* 

££ingie-lQop single-dibde circuit models are 
normally quits easily mastered by the student. 
Consequently only a little class time (frac* 
tion of a period) should be used for a discuss- 
ion of the response of such circuits. 

The multiple-loop single-diode circuit, 
sujH as. shown in, ?ig 3 of GeneA&t OaufeitweA, 
s>hou;id be presented with considerable core for 
the purpose of emphasizing a technique of anal- 
ysis that will also afppjy to circuits- having 
two or more dipdes . 

The wcoxmzndtd technique for the analysis 
of resistive diode circuits is one in which the 
student must: find that particular instantaneous 
quantity of e,. required to place a diode in 
its transition state. This is done by setting' 
the voltage across an "opened" diode to zero 
and solving the resulting circuit model for o s , 
The sawe answer would result by setting the 
current of an assumed conducting diode to zero, 
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but fEIs Is more difficult than working with the 

assumed "opened" diode. This information on the 

critical value of e informs the student when to 
s 

uee each #f the two circuit" models relating to a 
diode>< one .circuit with the. diode conducting 
and the other circuit with the diode nonconduct- 
ing. 

* A majority of the ~c lass time allotted to re- 
sistive diode circuits should" be use<f in the st- 
udy or circuits having two or more' diodes, most- 
ly wi*h two 'diodes and some work with three Ui od- 
es* The student needs to work a dumber of these - 
problems until he understands the technique of 
analysis Teasorialily' well, Qfie typical two-diode 
c i rcul't -is" shojfn Lfl -Pig . - 3 in. Jhe-lAboxaXigJuj 
^tUdzJUfifiil Toi$. circuit may be changed into 
'- a jiumbe^r -;pf ^problems by reversing either or both- 
dr#(t|s^i>£ changing an^af thp possible resist- t 
anVe ratios? by changing the* wagi^itu^e of the 
^d-c vO^tages and by changing. the location for the 
output voyage' In ^aki^ such change?, it 
shqulff b^A|rt«lerstood that anything that csn be 
^ made to happen or not to happen could be a 
practical- Kind of circuit, i)o not worry about 
"Yes" ^nd °No" situations for these are the 
possible requirements of logic circui.try. 4 

#o*, if a sttjdent can- work a three-diode cir- 
cuit, he, Jia§ it made and will have no more scr- 
ipts difficulties ph how to analyze any resistive 
djQde* circuit, 

One of the major learning difficulties with 
diode circuits is that the student thinks he needs 
to know whether a diode is conducting or noncon- 
ducting -before he starts the analysis. This in- 
formation cannot always be known in advance and 
the student must come to understand that this is - 
a part #f %hc analysis problem. Find the criti- 
cal value of e c * for" each diode and then proceed. 

There is a second technique of analysis, not 
recommended however, where a -Viutk table, is e«- 
tablished to represent all on and conditions 
for the diode. Eight possibilities will exist, 
for example, with a three -diode circuit . TJUa 
would indicate that there would be eight possible 
circuits. This is not true, for there can be 



only four independent circuit mode Is . ""For any- 
number of^dioxjes the number of independent cir- 
cuits is equal to one more than the number of,. * v 



diodes . 



\ 



Review ^Exponetitcai * , 

^ should be pointed out very clearly that 
the general equation for an exponential is 



applicable to any single exponential function 
where, E ag and E Q are aZQZbfKUC quantities. 
The student should work a sufficient number ojf* 
problems .where E ag and/or E Q are either positive 
or negative numbers: If either 6ne lS-.zerc^/then 
this becomes a special" case. 

If the students have worked -with these expo-: 7 
nentials in a previous' course such as in STC * 
C<UiciUA&, as recommended in this report, then 
ii will not 4>e necessary to spend much time, if 
any, in the review of exponentials. 

Reactance SLCitdung in RC Ct*cacf&* 

The shaping of waveforms is done, largely, 
by resistance switching in RC single-time-con- 
stant circuits. This resistance switching 
occurs in practical circuits as a result of 
the diode action of two- terminal and multi- a l 
terminal electronic devices. 

These diode actions of electronic devices 
along with the identification of *the different 
exponentials that can exist when .step-vjpltages 
are applied, represent the major learning diffi- 
culties for the students. These learning prob-: 
l&ms will be alleviated a great deal by spend- 
ing some time* on the response of RC circuits to 
step-functions under defined switching condi- 
tions* Do not go directly to a study of cir- 
cuxti with electronic devices. A few sample 
problems of the kind being recommended here 
are shown in Fig. 1. These are the more im- 
portant circuit configurations. Additional 
problems can -be generated by changing, any of 
the given quantities. 

The representative problems of fig. 1 arc 
designed such that at least one of the possible 
exponentials will complete to its asymptotical . 
value. 
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FIG. 1. Sample problems to illustrate resistance switching in RC circuits under defined switching, 
conditions. The objective is to evaluate a steady- state cycle for the output voltage. 

If none, of the-exponentials complete, then 
it may be advantageous to apply the concept of 
* <viza naiio'6 bexng equal to a neA-titanct, njxtio . 
This. area ratio concept is developed in most ■ 
texts on Pulse Circuits. An area ratio chart, 
or graph is needed when the source voltage is 
sinusoidal. Such a graph wiil be found as 
Fig. 3.7 in the £ext: "Pulse Circuits-Switching 
and Shaping 11 , by Daniel S. Babb, Prentice-Hall, 
i964. 



RC-tXtode CViuitytf 

The representative type of RC-diode circuits 



for study here is presented as Gnaup 2 in the 
LabofcUoiy GuidtlUneA. Problem solving and lab- 
oratory work should* be closely related for these 
circuits. ^ - * • 

T>uuu>i6to>i CVlciluU Without Feedback 

The analysis of transistor circuitry without 
feedback 'becomes reasonably simplified with the 
background of resistive-diode 'and RC-diode cir- 
cuits. The first step involves an evaluation 



EF^LC ; 
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of the input circuit treating the base-to-emitter 



transistor ^inpwt as a diode. The base-to-emitter 
vo It age "waveform is then known. If the transis- , 
.tor is current-biased heavily enough then the col- 
lector- to- emitter function can be treated as 

nearly ideal' switch. Consequently, t lie output 

^ <- \ 
circuit can be evaluated for an indicated output 

t » , X 

voltage. ^ X. 

Fqr. all, practical purposes, the input cir- 
cuits will be either resistive diode or RC- diode 
kinds -of circuits. Consequently, there is noth- 
ing •new. to be learned here. The same is true for 
•ahe'qutput 'Circuits. The student needs to know, 
primarily-, the bias ihg^ conditions of the transis- 
tor; • * v 

f - Considerable emphasis should be placed on 
: the'stu&y of t w °-sta*ge circuits, using complemen- 
tary trans is tors as well as like transistors. 
Emitter- follower circuits are also included. 

Except 'for those circuits having a common- 
* ' / 
emitter resistance,, multivibrators can be studied 

with about the same concepts as transistor cir- 
cuits" without^, feedback. ' There will be two equiv- 
alent circuits that operate simultaneously rath- 
er than just one circuit, effectively. 

Normally, the as table and b"i stable circuits * 
will not have a common-emitter resistance. There 
.is\ however, one form of the monostable circuit 
that does have a common-emitter resistance. 

^The triggering techniques, as applied to 
bistabje circuits, become one dmportSnt part of 
this study, -more important than the "paper" de- 
sign of "the bistable itself. 

The Schmitt Trigger circuit is appropriately 
included along with a study of the multivibrator. 

Tfie Sioeep CVicwLU 

The two-main circuits for study here are the 
WWLvi Sweep CvlcllU and the BofUtKap Su/eep C^A- 
cact. 

The circuit configurations for these two 
Circuits can be found in Pulse Circuits texts. 
The major, point to emphasize in the classroom 
activity is the one factor which influences the 



linearity of the generated "ramp 1 ' volta ge. This 
one factor which influences the linearity. is 
revealed from a study-of the equivalent input 
circuit for the Miller sweep circuit. The 
equivalent input circuit is, 




where 



R eq ls normallv verv sma11 an d neglected 



\ 



R. 
in 



r e ♦ r b .(l ♦« 



C eq = C (1 -Av) 



The point concerning linearity occurs be- 
cause of the presence of R.^ which, in many cir- 
cuits, is in the order, of 1000 ohms magnitude. 
To improve linearity the E &s value for must 
be large compared to the magnitude of voltage 
swing across the active region at the input. 
Notice that the sweep occurs when the switch 

representing an electronic switch, .s open. 
During this sweep time observe that, 



E = V 

as cc R. 



R. 
in 



+ R 



cc 1 ^ R 



which states that the E„ c value is decreased as 
as 

the ratio of R/R^ n is increased. Linearity, 
then, is improved by decreasing the resistance, 
R, or' by increasing the input resistance. 

The input resistance can* be increased by 
placing two or more transistors (usually three 
or four are used) in a 'Darlington circuit ar* f 
rangement. Each transistor added will increase 
the input resistance by a facto;r of 3, 'approxi- 
mately. 

The larger input resistance will permit fc a 
larger range of values for R without destroying 
the linearity appreciably. A larger range of 
R values, .along with a permissible range of 



"C values, will permit a wider range of sweep 



each group of circuits in their chosen ways. 



times. 

Logic CixcuUAy , . 

In logic circuitry the output voltage (or 
current) is at either of two levels. One of * 
these* levels can be- zero! 

In these early studies of logic circuitry, 
emphasize the conditions necessary to make the 
putput voltage change from one level to the oth- 
er. The AND requirement. . and the OR requirements 
are thereby established Bo not place too much 
empha sis on 4 the fact that the voltage is posi- 
tive, or^perfiapsiriegative. The fact tnat a yolt- 
:age is .positive or negative is of secondary J.m- 
jfpqrtance* /The most important fact to know first 
is, whether* there v has been, a dxangz ^Kom one izvaZ 

the student should quickly learn that an 
AND situation, with parallel arrangement of elec- 
tronic devices, requires that the devices (diodes 
or transistors) shall be biased ON in the 
absence of all signals. The converse is tiue for 
OR circuits. A 

\ ' i 

LABORATORY GUIVELWES 

The information and, suggestions presented in 
these LaboAaAoKy Guide&in&b outline those concepts 
and techniques that are most desirable and approp- 
riate to a laboratory environment. * 

fkMotophy'tlniqut Xo PuUt CVictut* Labofiouto^y / 

the number of specific circuits to be stu- 
died in a laboratory course is. often equated to 
the number" of laboratory sessions available dur- 
ing the term. Oh a quarter system approximately 
eleven- sessions would be available, assuming"one 
meeting per week.' On a semester system, about 
fifteen sessions are\available. 

In a pulse circuits laboratory, each labor- 
atory session should involve a study of a^gnoup 
of circuits or a particular sequence o& situat- 
ions for a particular circuit, or circuits. 

.With suggested limitations and knowledgeable 
' guidance froin the instructor, the students should 
have a reasonable degree of freedom to investigate 



Two-man squads would be ideal to allow discus- 
sions on a one-to-one basis. Each student 
should keep his own notebook, but it is *recora- 
mended that these notebooks shall not be graded- 
as formal reports might be graded, * 

In general, the students would be given * 
the circuits as a starting point for their irf^ 
vestigations. Suggestions should be given as 
to parameters that could be changed, and the 
range oi these parameters, to guide the''stu- 
dents through a ^thorough understanding of the 
circuits , 

Particular values of parameters for the 
^starting" circuits are sometimes specified. 
In other instances, the parameter should be 
specified within a desired range of values. 
Then there 'are instances when students should 
select their own values. . ' 

Getting Stotizd in a Pu&e Circuit* Labonatony 

First of all, the students should be in- 
formed as to the procedures .that they should 
follow and what is expected of them in the lab- 
• oratory. Unless specified otherwise for 
particular laboratory exercises, he should: 
a. Observe the possible responses for each* 
circuit of a group before doing any cal- 
culations or making recordings of any 

■ - • 5 

kind. Usually these observations should 
require no more thatf 30 minutes. Hope- 
fully less time would be required. And, 

" b. w hi le- making .the observations the^partners 
should discuss with each other the reasons 
for a particular response or changes in 
responses. And, 

c. the students can then firm thier under- 
standing of the circuits by making c 
icant measurements 6uppontzd by calcula- 
tions. The measurements should be made 
bz^ofiz the calculations. Almost without 
« exception, calculated and measured values 

should check within about 5%. Any large.r 
error will usually suggest that the stu- 
dent has overlooked some significant * 
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parameters such as: Output resistance (s) of 



having a common emitter 



source, input resistance and input capaci- 
tance .o^oscillos cope, forward "and/or back 
resistance\pf a diode, 'stray capacitance, 
reverse -breajcdown voltage of solid-state 
.junctions, et cetera. It might not^ be im- 
portant to include\hese items in calcula- 
tions, but - the student should at ijpast ask 
himself: Would its error be decreased if 
they Were taken into accouht? ; 
Secondly, in getting started^ the students 
should be thoroughly familiar with the instru- 
ment s 1 6 be r us e d in th e cours e . I r this f ami Ikrt. 



«* -^r*J<-i^ 



arity -does not already exist, the opportunity and 

Jhe^ two s most important ins truments are. the 
*uriit:pui^ oscilloscope. The unitvpuls- 

er; is essential to permit 'control of pulse width 

. " _ . . ' i - y- 

asrwell as the repetition rate. *The laboratory 
experience^ and learning would be seriously lim- 
ited if only a square-wave generator is avail- * 
able. , 

A multi-tfrace scope (dual- trace at least) 
is also essential/. The student" should be in- 
formed to always use extAial ti-.^ger: .. 0 md to 
use d-c, rather than a-c, settings for the chan- 
nels being used. 



resist^e 

Group 7: Sweep circuits 

' i 
Compare with the outline an<i notice that 

some of the major topics listed 'there are 
omitted in the above, such as: Logic tLlcvJj&iy r . 
*and 4peoto£ pu/ipo&e. qaAcwuU* Such topics are^ 
more appropriately covered in a laboratory- 
associated with a digital course if offered in 
the curriculum; If a digital course, as such, 
is not in the curriculum then the logic circuit-; 
ry.and special purpose circuits could be incor- 
porated-an-such area§~ as a -Projects Course* or — 
a Systems/ Course. 

Group 1: J Resistive Diode Circuits 



if 




TKi Mdj 'oh Grouping* ion. Laboticutdny Studies 

When one -examines the content of a textbook e 
J)r\ an outline for a course, there is some tendency 
*to design the laboratory experiments to parallel^ 

each* and every major topic .ii\ the textbodk or 
Tthe outline^ For- the- laboratory studies in Pulso -' 

Electronics, emphasis should be placed on the 

following groupings in the sequence -given. 

Group 1: Resistive-diode circuits 
Group 2: R-C diode. circuits 
Group 3; Single-stage transistor % 
"~~ ~* . circuits 

Group 4: Two-stage transistor cir- 
cuits 

Group 5. The Multivibrators 
Group 6: The Schmitt Trigger -cir- 
cuit and other circuits 




FIG.,1 The four basic diode clipping* 
circuits 
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FIG. 3 A multiple-diode circuit 

(Orientation of diodes may 
al$o be reversed.)- /* ' 

SuQQtettd Labonatoiy Studies &oK Gnowp 1 

-Approximately two laboratory periods' Should 
be reserved ffor a study of this group. 

. The. four basic diode clipping circuits may 
nave been, studied in the Resistive Eiectronics 
Course. If ^so. they can be reviewed rather qu- " 
ickly at this time. Ary time- varying function, 
other than rectangular waveforms ,* can be used 
as r the source ^to permit students to clearly ob- 
serve the» M break M points on the -waveforms. Chang- 
ing the bias voltage, negative as well as pos- „ 
itive polarities, -while observing the - waveforms . 
"will 'provide the student with the experience 
/necessary to permit him to "read" the response 
4 of such circuits when they appear in later sub- 
jects. 



A multiple-loop single diode circuit such 
as that of Fig. 2 should be examined rather care- 
fully to provide essential background informa- • 
tion for the study of multiple-diode circuits. 
The- resistance ratio, as well as magnitudes^for. 
the two resistances, becomes a significant fao- 
, tor. The student should change this ratio and 
support some (not all) of^his studies with mea- 
surements and calculations to identify signifi- 
cant quantities on the waveforms. 

The two-diode circuit of Fig.- 3 provides 
•considerable flexibility for a study and under- 
standing of similar circuits. All of .the possi- 
ble ratio's of resistances have an influence on 
the circuit response. Alsn, the Ve£a£u/e_ magr 
nitude of the two bias voltages have an influence 
on the response. A few of the possibilities 
can be suggested to the student by the. instruc- 
tor but the student should be encouraged to 
continue further studies on his own. Measure- 
ments supported by calculations should be done 
with one or two specific sets of values for the 
circuit*. It is important, however, for the 
student to examine the circuit for other than 
the giyen sets of values. Time is not wisely . 
usectby recording measurements and calculations 
for^ each and every set of values used for the 
circuit. . 

The progressive students may wish to stu- 
dy three-diode circuits. Textbooks on pulse 
circuits will suggest some possibilities. 

Group 2: R-C'D>ode Circuits , 



C 




FIG. 1 The Basic R-C diode circuit 

. (The diode^may also be oriented 
in opposite direction.) 
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FIG. 2 An additional resistance may 
exist in any one or more- of 
1 * the ■ )(■ points in the 

circuit (usually not all three, 
* v however, in the same circuit) . 
The diode may be oppositely o 
oriented. 
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FIG. 3 A biasing' voltage, or a pulsed 
— - voltage, may* -exist- intone- of 
the points in the cir- 

cuit. The diode may also be* 
oppositely oriented. 



Suggestion* ion' a Study oi Gnowp I 

R-C diode circuits, as most commonly found 
in. practice, are .identified in the three general 
circuit diagrams. , The circuit of Fig. 1 is a 1 
most Simplified representation. Fig. 2 suggests 
that an additional resistance may exist in one 
or more of three .positions of the basic circuit. 
Fig'. 3 suggests the f^uAtlWi addition of a bias- 
ing, or a pulsed voltage in any one of three 
positions in the circuit. t f 

The addition of resistance and biasing volt- 
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ages as suggested-, along. with" reorientation - 

possibilities for the diode, ; provide -a variety 

of situations that need, to be studied. 

\ * 
Two laboratory- periods, 'hopefully no raor.e 

than $hree laboratory peribdsv should be al-* 
lotted for these studies, the studies in- 
STC circuits course, a prerequistte, should - 
provide much of the background information 
needed. Primarily the- three identifying quanti- 
ties of an exponential will provide the basic 
information for understanding of most' of the 
circuit responses. • 

A study of these circuits ajid their res? ' 
ppnses is essentially in two stages.* In the 
first sta^e the circuit set is^ studied with a ' 
rectangular source in which the 'timercqnst ants 
of the circuit are" not large: **In the second . 
stage, any. repetitive source clin^fie^u^d^priV^ 
marily rectangular and* sinusoidal) where the! 
capacitance is arbitrarily large. This is a 
study o"f clamping circuits. 



Suggestions rfo* Gioup& 3 tfoiough 1 • ^ 
The circuits of group 3, 6ingZe.-6tage^&uxnz . 
bi&toti cOicuitb, require at least two laboratory 
periods. Use the first laboratory period to- 
investigate the response of the circuit with RC 
coupling to a pulse source. When is the tran- 
sistor in. saturation? What are the requirements 
to hold iZ on? When is it off? Use the?secdhd~ 



period for a more specific study. May use a 
sinusoidal source, also/-but, not the first 
laboratory period* Use one or two laboratory 
periods for a detailed study of two-stage cir- 
cuits. Concentrate on RC coupling. See GeneAal 
Guideline* for techniques. This completes .the 
group 4 circuits. The multivibrators, group 5, 
are now easily mastered. - Start jjpth the astable 
circuit. Then concentrate on circuits that re- 
quire triggering. Emphasis should be placed on 
the techniques o£ triggering. The Schmitt 
trigger circuit, group 6, requires an unsymmet- 
rical circuit for full range of operation. Con- 
centrate on the Miller -sweep circuit, -the last 
of the sequence. 
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ADVANCED LINEAR ELECTRO'NICS (ELECTRONICS IE) 



* * 

% Advanced Lcneart. El&ctAonicA is a detailed 
study of-pfoctical electronic, circuits for which 
iineaj^ircuit models are necessary to explain 
ami'^ operation when the electron- 

ic ; device^ a re ; , operating in the active region. 



MAJOR CGUCEZtS , 

. Advanced .LbMLOX tlcctsuonicA is circuit-re- 



'5K55?t; P r 8ox" oriented. This differs 

,£rom ; RtejAt&v e E£c ctfto n>ia6 wh i ch was mo re de v i ce 
■oriented. m .[ * - 

. A^unified and simplified linear circuit mpd- 
4ei;*c^>be- used to represent the major active de- 
VvicesV(|jf , : FET and VT). This Simplified circuit 
model places emphasis on a dependent current; 
source rather than on a dependent voltage source. 
If a dependent voltage source should be desitfed^ 
this is done by converting a Norton's equivalent 
circuit to a Thevenin's equivalent .circuit. This 
concept,; or approach, reduces memory problems to 
a minimum, * „ 

TJfe same* kind of circuit model will always 
'apply-in feedback studies, whether the feedback 

be. positive or negative and no matter if voltage 

. , ** . * » 

feedback or current feedback exists, 

MHMIQRAL 06JECJIUES 

,.The student'^ upon successfully completing 
this* course > should have" the ability to: 

Analyze the operation of any BJT, FET, VT 
amplifier 'and to determine its basic operating 
characteristics: gain, bandwidth, and input-out 
impedances. 

Attack nexo circuits using these devices and 
to be able to determine their basic character- 
istics. 

* * * * 

.Design, small signal amplifiers using opera- 

r^idnal amplifiers with negative voltage feedback. 

Analyze any type of feedback amplifier in- 
cluding power amplifiers and oscillators. 



Understand the operation of class "C" am- 
plifiers ami oscilTators. 

Understand' the operation of* and design 
critcria#for large signal amplifiers. 

;" ..." A : ' . . • 

PREREQUISITES^ 

The two courses, -.of STC Cvicuitb and Re- ' 
444.ttvc ElccViotiicA artJ^h^primafy prerequisites 
for this course on Advanced Linear Electronics. 

* ' * 4 

PvuUt'-ttti.ctn.QiiicA is highly recommende^ as 

a prerequisite but is not absolutely essential, 
i • • * * " _** 

In some programs, it may be'necessary to offer 

Pu£ac IZzcfriuivLcA and Advanced IIwloa E£ectto»tic4 

as parallel courses m the same term. 

The third course on circuit analysis, ' 

Ne,tlC<ttfc4, could be highly desirable as a pre- ^ B> 

requisite but not absolutely essential. _ N,o£- 

tfotdz* could be a corequisite or offered in the 

same term as Advanced Luiea/i tl<LcVionict> , if 

dictated by curriculum structure problems. 

• The required and desired prerequisites 

for Advanced Loica/t EtcctAouicA are represented 

by the following flow chart. 



STC 
CIRCUITS 



NETWORKS 



RESISTIVE 
ELECTRONICS 



INTRO 




ADVANCED * 
LINEAR ELECTRONICS 



hm Basic 5 Amplifier Characteristics (Laboratory 
'A Introduction 



D. Bandwidth 

E. Sigital ' leve^l 



^ A. Gain 

B;* Phase" shift 
;C. Input/output impedance 
IIV Feedback rh Amplifiers (Classroom Oriented) 

A.' Feedtoack effects, on amplifier perfor- 

•"• . " , 

mance - * 

• , ■ ■ v 

. 1. Gain effect. 

■' 2; Band wijith. ■ 

•\3. ftoise and distortion 

. 4. Stability. • 

5. -Input /out put impedance. ; ■ 

J 1 1 . Small % Signal Amplifiers 

A. " Equivalent circuit for three terminal 

devices (Classroom Oriented) 

B7 Circuit or Sub- system configuration 

(Classroom Introduction) 

'* ,lv Common Emitter-Common Source- «* 

.Common Cathode, 

* 2; Common Base-Common Gate-Common 

Grid* 

3. Common Col lectors -Common Drain- 
- '* Common Cathode. 

, .•■ (Emitter- follower) (Source Follower) 
(Cathode follower) 

4. Single transistor split* load phase 
. inverter. * 

t C. Three terminal devices at low frequen- 
cies (Laboratory Introduction) 
\\ Coupling capacitor effect, 
. 2.. Bypass capacitor effects. ; 
D: -Three terminal devices at high frequen- 
cies (Classroom Orientation) 

1. Shunt capacity effects. 

2. Miller effects!"' 

3. Basic device limitations. 

(a) Transit time (b) Alpha jcutoff 

4. Risetime--bandwidth relationships. 
"C. Multiple Stageout Amplifiers (Classroom 

Introduction) 

1. Cascaded Amplifiers. 

(a) RC coupled amplifiers . 

(b) Direct coupled p^irs . 



IV. 



(1) ^ Darlington. 

(2) FOT and BJT. 

(3) Complementary. 
LargQ Signal Amplifiers ^ 

A. Single-ended amplifiers (Classroom * 
Oriented) 

1. « Efficiency. + \ 

2. .Transformer .coupled tyads. 

3. Direct coupled loads. 

B. Push-Pull Amplifiers (Laboratory 
Introduction) 

Class of operation (conventional). 
2. Complementary symmetry etc; " # 
■* • 3. Design of class B. 

C. Drivers (Classroom Introduction) 

1. "Transformer, , . * 

2. Paraphase amplifiers. 
^. -Drivers for complementary circuits. 

Feedback Techniques (Classroom Oriented) 
A. Voltage and current feedback 
B .* General feedback equations^ 
. C. Feedback analysis techniques 

1. Single stage." 

2. Multi-stage. 1 

3: Selective amplifiers. 

VI. The Operational Amplifier 

A. The differential amp input : - 

B, Inverting and Non- Inventing inputs 
(Classroom Introduction) 

. *£. Mathematics Operations (Laboratory 
Introduction) 

(1) Addition and Subtraction, 

(2) Integration^ 

(3) Differentiation. * # 

(4) Log operations.' 

D. The integrated OP AMP specifications' 

VII. Tuned Amplifiers (Laboratory Introduction) 

A. Single tuned » • * 

0 ' 

B. " Double tuned 

C. Stagger tuning J 

D. Class H C" Tuned Amplifiers 

1 . Doublcrs . 9 

2. Multipliers. \ 



.Oscillators i 

A. Gcnerai Criteria (Classroom Oriented) 
Nyquist diagram 

r 

Barkhausen criteria 
Equivalent circuit 'analysis tech- 
nique ^ 
Maximum frequency of oscillations 



1: 

2, 



for BJT 



XIX. 



B*. Tuned Circuit Oscillators' (Laboratory * 
Oriented) # ■ ■ ■ v . 

# Ha^tley - . . , r 

2. Colpitts 

3. -Crystal controlled 0 

C/ R.C. Oscillator (Laboratory Introduction), 

1". Wein .bridge 

2. - Phase shift .oscillator • 
Power Supply Regulators ' 
A 



B. 



C 5 L input filter system .(Laboratory 

Introduction) . . t 

Fixed vd It stge .shunt regulators 
* • si** 
Zenetr diode \ 



1. 

» 

% V \2.' 4/R tube 

C. Series Regulators 

1. Fixed voltage Zener VR tube • j 

2. Variable voltage regulator- -Emitter 
follower approach 

* , , 3.' ' IC Regulators \ r 
' V D, Current regulators 

1. fcurrent limiting 

2. Constant current supplies 

GENERAL GUIDELINES 

Information and suggestions presented here 
as the QOWial QtxideZuieA represent recommended 
approaches and behavioral objectives for the 
course/* Specific .suggestions for classroom in- f 
structioji and for laboratory learning will follow 
these 'general, guidelines. r * ^ 

The llajoi Etzcpionia Vevicu tot tixz CouaSi 
<, • 

The electronic, devices incorporated in the 

circuitry cfl*fche course are: The bipolar tran 7 
* * 
sistor (BJT), the field effect transistor (FET), 

integrated circuits (<IC) tind the vacuujjTtube 
* t - « 

(VT) . Although vacuum tubes are considered' a 

part of the study, any involved analysis of 



vacuum tube circuitry ^and technology is dis- 
couraged. 

* % *. , • 

Importance otf -t/ie QovMi 

This Advanced Electronics course is the 
last of the six core courses of the curriculum. I 
. As slich this course must be the final link 
/between the analysis courses and the practical 
world of system e i cc t ronj£ s>«^"Ttic course, t ^ 
therefore, m t have sufficient practical 
problems to relate the student to the practical • 
world of^applied electronics. 

(^■This^final electronics* course, along with 
the other five core courses, ^ould provide * - 

K * - • 

the student with a firm fbundafi^n. This 
foundation can either be use.d to pursue one 
.of several institutional options or a basis 
instudy of numerous technical electronics 
which the iiystitution may wish - to "offer,. 

Advantage* of the.' Cqu/u'e \ * 

Linear^Model .Electronics, has some unique 

advantages which mjfte it an essential part ■ 

of the "Six Core Courses. M . The study of active. 

circuits from a circuit analysis standsoirft 
' • • . * f '. 1 » 
. gives Pjie two yd$r ejed^ronics student another 
.** ** *•/"■. v * } 
"tool" which can be used inlfuture studies. 

The use of s "graphical 4a^ysi& n oT the' . . 
circuits under study will lead to«problems« 
of stability and' the solution of those problems. 

This course, although not specifically a 
design course, wvli give' the student ah oppor- 
* Ju^lfy to des*£i basic circuits or at least 
look at some basic circuits f rom *a design 
-^£andpoint to'observe obvious ^pitfalls , etc. 
The integrated circuit is. introduced 
early in the % sequence. As a Circuit lor Sub- 
system is developed in discrete component 
form>an Integrated Circuit is placed in the 

same application to demonstrate the useful- 

* *i 
ness and problems associated with micro- 
electronics. x 

The analysis of BJT and FF.T Circuits in 
*all modes of'operatio'n should make the intro-^ 
duction to integrated circuits and micro- 
electronics a natural transition without a 



great deal o* difficulty. • . 

The Student* Pluvious KwwCecfcjc'* 

The application of the Network Theorems 
-previously encountered is an essential aspect 

of this' study; The use of Thevenin's Theorem, • 
% f^rton's -Theorem, Superposition Theorem, „ 
• Kirchhoff f s Voltage Law, and Kirchhoff's cur- 
% Tent laws. is stressed throughout the sequence.* , 
Although calculus is not used extensively 
in'thrsr-coursev the funo^jngptal concepts are 
%most helpful in the understanding of some t^opic^ 
which wilf be studied. 

* The. student^ knowledge of STC's and* his 
ability. to read chese circuits, theirbreak / 
points and corner* frequencies will be utilized 
throughout the study. 

The student's knowledge of devices and their 
use as developed in Resistive Electronics will 
b£ called Upon to aid the student in understand- 
ing Linear Model Electronics as theMnput/output 
characteristics of the devices will be utilized. 

The student's knowledge of the M S" operator 
an/Miis^ previous experience with M S M studies will 
cause no* problem in introducing different types 
, of inputs' to the circuits under study. 

1. The amplifier driving functions will be 
. primarily -sinusoidal* however, since amplifiers, 
with step inputs, are not covered in the- course* 
on Pulse Electronics the step input analysis of 
amplifiers is included;. 

LmLtationA oLtlie Course WxaZ wt££ not be 
tovVied) . 

1. Integrated circuits will.net £c analyzed 
/in detail. Primarily the "student .will be looking 

at the device as used in some established cir- 
cuits. The student who has completed this course" 

9 

will have attained analysis techriiques^that make 
detailed analysis of IC's a routine^matter. '■ 

2. Modulation and demodulation are^.not^ 
covered in the sequence. These topics are more 
easily studied in a course which has as its 
primary objective the study of communication 
circuits and communication electronics. If a 




communication W*rSe\ as such, is not offered in 
the -curriculum perhaps the -subject of modulation 
and demodulation can be .covered in'a systems 
analysis course. . 

3. The fundamentals of power"supp*Ues jas.^ 
related- to rectifiers and filters are assumed 

to be covered in the resistive electronics 'and ^ % 
single-time-constant circuit 'sequence. 

4. Video and wideband amplifiers are 
prinrily-a function of communication elec- * 
tronics. The student, who has completed this 
sequence of topics should have no serious prob- 
lem in adapting *$! wideband' amplifiers when 
that point is reached. 

\ . ' ■ v 

Pejk/i oi .Study, t 

VrhV study of active devices must be 

restricted in s^me way to establish the degree 
* \ . * 

i of rigor that the course will follow. The 

subject of Physics' and s a total qualitative 

approach is de-emphasized as much as possible. 

The pure H-paxameter approaches outlined in 

many textbooks, is likewise de-emphasized. 

The attack that shou^d^b^jaken is to treat 

the device from its in*put/output characteristics.* 

What are the conditions at its terminals? * 

Since we have previously" studied th* ' q 

devices in resistive electronics in regard to 

\ - • • • • 

gain, amplification factor, input etc. -any • 
in-depth sludy of these topics would < be*dupfi- 
cation. We are primarily interested in 4he 
frequency response of th^ amplifiers under , 
study at this point; therefore, K*e are involved 
more with input/output circuits and their 
behavior than- the device itself. 

A Recommended Appioadi ^ 
Because of the wide variety of circuits v 
covered inAdvanced Electronics, the approach 
which should be rsken in covering them is 

J. Introduce circuit in the laboratory, 
where appropriate, as suggested in the outline. 

2. Analyze the circuit in the classrqom 
to the extent that "the student 'understands 
why it operates in the manner that he has 
observed in the laboratory. ' • 



IBS 



- t - - 3.- Discuss the design criteria.^ 

^'In treating the active "devices in their 
: , ,.active ; regi6ps, a * *ingtz equivalent ciycuit 
~V ^hich'Will-cover. otd of .the devices, incorporated 

into* the circuitry of\has course should be 
• - .stressed. Such a practical circuit, In its. . . 
fi/ . configuration on ly. f is shown in Fig. 1. 




Fig. 4 



ft* 



When to TtvtAoduct the Utxl^led CViciUX ModoZ' 
m \ It w6uld be better to introduce the cjene*a£ 
simplified^equivalent circuit a&tzi it is used 
in its special forms in the bipolar transistor, 

y field-effect transistor and vacuum tube circuits. 

.-These special forms are shown in Fig. 2 



IrfAiandling the FET and the VT equivalent 
circuits, it may be of value to mention that - 

the 3*. V *d 3X16 the S m V' *p 8 e " erators : " 
could be replaced by their Thevenin version, 

"V' A d ? nd u v y 

Fo* High Fwquzncy Roipoiu e 

In order to analyze these devices at High 
frequencies, it is only necessary v to ad'd one 
or two interelftctrode capacitances^ to* this * 
simplified model and to replace one\of these" - 

• (C bc''V °* V with US Mill6r e ^ 6Ct ' 



value at the input. 
MubUitcLQZ AnaZij6lt> 



\ 



\ 



By treating each amplifier stage as a, \ 
° "black box" containing its input resistance, 
output resistance and voltage ga5.n, multi- 
stage analysis reduces to the determination of 
time-constants to find the low cut-$|§ fre- 
quency and loading effect to« determine the 
f overall voltag^ gain. * 

* (ifien to Iapioduce Feedbacfe 

The concept of negative voltage feedback * 
"shcitild be introduced before detailed amplifier 





Fig. 2 




By'using these sin^Ufied. equivalent circuits, 
* '*thgj£tudent-can i^iace any active device by an 
equivalent circuit of the t>mt ionm as, any otheT 
device, -in using this approach, the student 
.may, see that the form of the amplifier circuit 
. arid. not the type of' device used primarily <3e- _ 
termines the opera ting^char act eYis tics of -that 
np}*HitTTcirduitT t 



analysis is attempted in order that it be 
placed in the proper order of importance and 
to "drive. home" the basic properties of 
amplifiers. 1 , fc 

• Current " feedback should be^introduced in 
-the large signal amplifiers section to show 
primarily ",how it can control the output im- 
pedance of the unit. • 
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If design of amplifiers is to be included in 
this course, stress should be placed on the use 
of IC operational amplifiers for all small signal 
.designs. 

An Important Thouglti CotxczAtvinQ Otciltato-U 

. .In treating .class A oscillators, an amplifier 
which \Kas decreasing voltage gain with increas- 
ing output amplitude is needed in-order to 
successfully run these units under laboratory 
.conditions. An "op amp" using series diodes 
as the feedback resistor in the inverting mode 
is -one solution to this problem. 

PoweA Supplier ojvl Studied L<u>t 

The concluding study of power supplies brings 
in* the use /of small and iarge signal amplifiers 
in a- closed- loop negative feedback system. 
Very- li-ttle tinw* should be spent here, on "class- 
ical" power supply 'design since goo'd regulation 
nbwadays is 'accomplished through the use of elec- 
tronic regulators. 

Fou* Appnoqdite.[tq Subject McuUeA l*u>&iucUon 

The two-ylear electronics technology program 
has within its conf ines* many unique ^aspects . 
which require, some discussion. The Electronics 
Engineering* Technician is^ often identified by 
the 'concept that "he understand the theory which 
su^oorts the operations he performs". This 
definition in,; lies that the technician has an 
in-depth exposure to electronics technology.. He i 
given "hands on" ooportunities to study and 
observe tlie practical aspects of Electronics Te'ch- 
no logy. ' e -„ 

The proportionality of laborat&ry-vs-class- 
room effort has been and will be -a topic of dis- 
cuss ion at any time we are concernbd with curric- 
ulum development. The technique, ntf>st commonly 
.used in the past, has btten to introduce a subject 
in the classroom and to verify it in the labora- 
tory. It is suggested that there are four dif- 
ferent approaches to subject .coverage. Their 
use in proper sequence can and will provide the 
most affective coverage of subject -matter. These 
four approaches are: (1) Classroom Orientation 
(2) Laboratory Orientation (3) Classroom intro- 



duction with laboratory support (4) Laboratory 
Introduction with classroom support. 

In order to better understand the thinking 
behir.i these four approaches, the* following 
explanation is given. The coverage o&«rw 
material and concepts can not always be done 
exclusively in the classroom or laboratory. 
Each topic of the 'curriculum should be analysed 
to determine the most effective technique used 
to introduce it. In some cases <he exclusive 
laboratory or exclusive classroom approach 
does hot seem to solve the problems at hand; 
however, there are some topics which do not lend 
themselves well to either to*tal laboratory or 
"classroom exposure, A combined approach is 
•therefore recommended. The classropm intro- ^ 
duct ion with iab- support approach is sometimes 
the answer. What is implied by this technique 
is that after a subject is studied in the 
classroom the theory is either observed or 
verified in the real world of the laborAtory. 
The laboratory introduction with classroom- 
support approach can be the most effective way 
of observing a particular group of concepts 
and then expressing them on a quantitative 
basis. The student, in many cases, after ob T 
serving a circuit in the laboratory requires 
k .a relatively meager amount of assistance in 
the classroom for an understanding of what has 
occurred in the laboratory. 

. 'The advantages of these four techniques 

are numerous. Probably the most important 
asset is that the theoretical world and the 
practical world are constantly being related 
and interwoven. > 

GUIVELINES TOR CLASSROOM * 

Developing an understanding and a working 
knowledge of the many possible ci-cuits of 
the Advanced Electronics course involves^tfree 
" major teaching responsibilities. 

1. Development and use of the simplified 
h-parameter model. 

2. Technique of analysis for multistage 
ci rcuits . 



3. Technique of analysis i/i circuits 
with feedback. 
' RYch of these are' now discussed in some 
detui I , 

Koto to tetfeitfp and ti^e tliz SmplL&izd k-panam&toA 
"l&dtZ &A-i/te SipghOL TnzinsUtoii 

In order to- coVsr a wide variety of electronic 
circuits in a short period of time and to give 
the student enough confidence to attack new cir- 
cuits , it is necess^T/* to givt, iiim as simple an 
equivalent circuit for the active device as 
possible. Not only must a simple model be deve- 
loped, 'but also that only one model per device 
hi stressed. For example, there exists three 
h-parameter equivalent circuits for the- transistor 
operating in the common base*, common emitter and 
common collector modes, respectively. Because 
. most transistor circuits are of the common emitter 
variety and most specifications are <given for 
the CE mode, this form and only this form should 
be widely used by the student in this course. 
In addition the simplest form should be widely 
used by the f student in this course. In addition, 
the simplest form of .this circuit consisting r.f 

^iz a ^iJe ^6 currcnt 8 cnerator should be uzed 
no matte* KJftat aon^iQuAation is under study. 

To. quickly make the transition from the basic 
, h. parameters to this equivalent circuit, they 
-Chould be first applied to a passive circuit 
with two parts (a resistive ,l *T n circuit for 
example;. For this typo of circuit, it is quite 

• easy to obtain h^, h^, V:^ and and to prove that 
>*«'this is a valrd equivalent circuit for the orig- 
inal network^ 

Using this equivalent circuit to replace the 

i. transistor in its active region and typical 

i * . . . 

^ values of all four h parameters, it i« quite 

easy to show that h Q and can be neglected 

without introducing any substantial error into 

the_xircuit~calculations It~i^-the-use-of-this~ 

• simplified, model that allows the student to 
attack any transistor circuit arrangement and 
qwicliiij obtain its important characteristics. 
For example, consider the common collector 
amplifier (emitter- follower) of Figure 1. 




Fig. I 

If the transistor is replaccd*by its simplified 
equivalent circuit, Figure 2 results. 

>+Vcc 




Fig. 2 

f 

Figure 2 reduces to that of Figure 3 when under 
dynamic conditions* the v supply can be re- 
placed by its internal impedance which usual ly 
is zero for all practical purposes. 




Fig. 3- 

The input resistance looking into the transistor 
✓ frcm base to ground could be "found from writing 
the loop equation: * c 



e *n - h h iz * u b * \z l b ] h 



ajid solving this equation for e. /i, thus 
yielding the- input resistance of 



The overall input resistance R^, which takes 
into account any 'additional effects due to the 
input circuit (R R in this case), can be easily 
obtained by computing the parallel combination 
bf*R„ and-R. . 

The voltage gain v^/e^ can also be easily de- 



termined: 



4JH 



U b * h 

♦ n 



B 
O 



"out 



It the signal source driving the base is assumed' 
to have "a value R g {and includes any shX>ntitig 
effect due to R g ) then \ / _ 



*b s -H Jo * R 



(due to the defined 
. direction for } 



Hence, 



A 0(tf + WZ * R. 



4 

(ft, 



i 



A veAt/ important two-way concept results\ 
from this analysis; that impedances ite.chc base 
circuit are "seen 11 at the emitter as their \ ■ 
actual' viiue # reduced by (h^ + J) and that \ 
impedances in « the emitter circuit aye "seen 1 " \ 
at the base as their actual value incAQMed 

by(ft <c O). • . . 



oc 



'b 



E 



The output impedance, while a little more 
difficult, still can be obtained with very 
little effort. 



REDUCE BASE CKT. R'S BY (H»hffr) ^> 
<1NCREASE EMITTER CKT, PtS BY (1+hfe) 
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'How Zo Handle. MtAJttLstagz Ampti&i&u 

Ail' amplifier circuits are handled in the. same 
manner;whether they jure single or multiple stage 
circuits. 

IT* Determine for each stage * 
• ' a: input resistance 

b. output resistance 

c. voltagd gain 

" 2. Connect the stages together with the 




actual circuit element used. 

3. Analyse the total performance based on 
this equivalent circuit. 

l ; or example, consider the direct-coupled*, 
two-stage amplifier .of Fig. 1. 

By noting which terminal of each transistor 
is not used for either input or output^itas 
quite simple to identify the first stage as a 
common-collector circuit and -the second as a 
common-base stage.- 



Vcc 
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0 

V 0 . 



Fig. 1 



STAGE I 



STAGE 2 




Fig. 2 The Circuit Model for Figure 1 
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for stage 1 
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' cannot be determined until* we know 



uhat R. is. 

-wig ' 

In general it will be 



II <Ate' + iR E II V ( V + "1 



r. = hi H 

m 2 171 



A/flTE: If K n9 U not « h. , thzn Z ; „ co>u^4-tA 
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How Tc Hofid-Ce Negcutcve Vottagz -Feedback. • 

Negative voltage feedback (NVFB); may be* 
bandied and introduced best by using .if with 
an operational amplifier. The resulting 
equations are* not only simple but, <lue to'ttie 
large relative A y of the OP AMPS-/ they can 
easily serve as quick approximations for the 
student. * \ 0 y " " *" 

Negative voltage feedback involves- a 
feedback signal which is proportional to the 
output vottage. but can'be introduced at the 
input as a feedback current or voltage de- 
pending upon the circuit used t to introduce 
it at the input. 

These- two approaches have quite .different 
effects and hence mu&t be covered as two • 
cases. #1 ' - 

Figure 1 illustrates *xhe basic circuit 
.used when feeding back the .NVFB' "signal as a 
- voltage,* * - 3 - 




ZlNs 
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hi 
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<«+hfe 2 > 
^(i+hfe 2 )C 2 
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Using B to* represent the ratio of the feed- 
back voltage to the output voltage, it is. quite 7 
/easy'tcf show that the amplifier's properties, with 
feedback are ail altered by the "magic factor/ 1 
1 ♦ A^B. -Table I illustrates this fact. 



PROPERTY 


W/0 NVFB " 


W/NVFB 


- Voltage Gain 


A v 


V". * V 


; Input Resistance ^ 


• R -ot 




Output Resistance % 






Lower Cutoff F 


. _ k . io .lo 




Upper Cutoff F 


fyi - 





Voltage Gain 

? if 


-\ 


-R F /R 


Input Resistance 


• R *t ■ 


: F" *';. 


jputput Resistance 


*out •- 




Lower Cutoff. F. 


< c Lo - • 




Upper .Cutoff F 







'TABIE II 

These concepts shoul.d be introduced using 
a high gain differential input amplifier erf the 
operational amplifier type. This can be easily 
"doctored" ti*>give~moderate values -of A y , R^, 
, fc'^, and rfc^ so that the foregoing equations 
can be supported by a laboratory experience. 



TABLE I 



** • If the .feedback is introduced as a cofcient 
at the input, the effects are not quite the same. 
An analysis of figure 2 yields the results listed 
in Table II. 



.LABORATORY GMVELINES FOR AVVANCEV LINEAR 
ELECTRONICS* ' ■" 

A few. experiments suggested for the course 
are presented here. These do ndt represent a 
complete set. 

ExpoAAjmtnt No- U Loiv Fiequenct/ Reapouae 

/ - * RC Coupled AmpUftzte. • . 




Vcc; 

* Hi: 
R2: 
R3: 
R4: 
Cb: 
Rg: 
Tl: 



-9y, ' 

56k ohms 
12k ohms 
1,5k ohms 
690 ohms 

-i00 micro- farad, 25v f 

600 ohms 

2N404 



PROCEDURE: . - 

1. .Connect the circuit shown. Before turning 
on the signal generator, measure all D.C. 
voltages. 

2. Usirtg a"C c of 0.5 micro-r" arad, measure V Q 
v and V. over a range of , frequencies which 

^ will 'show the. break frequency. Record in a 
table. The amplitude of the input signal*, 
should be such that r-o clipplihg is seen 
in the output. (Check V. each time the 
• frequency is changed to make- sure it remains 
at a constant value.) 
3 - Rep eat ste p #2, for a C of 5 micro-farad. 
4. Using semilog -graph paper, plot relative 
r gain-vs-log frequency fof the data taken 
in step n and step #3. ;(Pl6t both on the 



5. 



6. 



~s"alne~3freetrusTng- ^the-samc ^caLeu) Qetcj>_ 

mine the 3 db point from the graph for „ # 
each response curve. 
Make a general statement relating low 
frequency response and the size. of. the- 
coupling capacitor. : 



Draw the low-frequency equivalent of the/ 
circuit used in this experiment. ^Calculate 
the. f j*. point (break frequency) of the . 
circuit. for the 5 micro-faxad capacitor. 
Using semilog paper re-plot the response 
curve for thc.S micro-farad capacitor. • 
On the same sheet sketch -the" bode plot 
of the response based on the calculation* 
of step #6. 

Compare calculated and mdasurcd response. 
. Account fof the probable cause of any . 
discrepancies. * 

ExpoAitmnt No. 2: ,High TKo.quo.nctj Reipoue 
0(5 a CE Amptt^tei 



.9. 




I — wv 



I/. : 
cc 


-12vdc 


Y 

C c : - 


10 k ohm 

1 micro-farad 


R r : 


91 k ohm 


R 2 : 


10 /k ohrii ( 


if.: 


4.7 k ohm 


v 


680 ohm 


V 


10 micro-farad 




2N404 



iy Construct the circuit shown. Before 
- turning on the signa l generator, record 

* all' circuit D.C. voltages. ** 
2; ^Set the signal generator, amplitude to' • 

obtain an undistorted output waveform. 
-3. Measure and over a range of frequencies 



Expvumznt No, 3/ Singlz Tuned RF knptihivi 



from mid^requency beyond ;the upp£r' 3 db 
point/ (Check .generator output voltage 
each time. the generator frequency is 
changed^ to make- sure it remains at- a con-' 
st ant voltage; 

;Place~a .0.02 micro-farad capacitor across 
the output 'terminals, and repeat step #3. 
Remove the 6. 02* micro- farad capacitor 
"and add the network shown below." 




i' 





>6*. "Repeat -step #3. . x *-^v^ 

\ 7i Piot the data obtained in steps *3, *4, and 
#6 on semi- log graph paper. (Relative . 
gaih-vs- log* frequency) . ^Plot step -^3 and. 
step #4 on the same sheet, step *3 and 
Step #6 oh the same sheet, and step. #3 and 
the s calculated cu«ye on the same sheet. 
Use the^same scale for each of the three 
sheets . ^"N. . 4 * > . 

Calculate the i^db point for the original 
circuit and' sjcetch the Bode plot on the 
same sheet as the original measured response * 
•Compare the curves of step ^Syand- make a 
general statement accounting fo^any 
discrepancies between the calculated\and 
the measured response curves. 
10. Based on the response curves plotted in 
step #7, make a general statement regarding 
the relationship between AC load resistance 
and fiigh frequency response and shunt 
capacitance- and high frequency response. 



— 9. 



1. Construct a single-. tuned, direct- coupled 
^amplifier using* a'2N292 transistor. 
(Use *a mounted apd shielded coil for the 
tank 'circuit: -Using the "Q" meter, 

* - determine -the approximate value, of C 
needed; to resonate with the tank in- 
ductance at 45§kHz.). .Calculate all by- 
pass and coupling capacitors based on 
an f of 455kHz. Calculate emitter 
and voltage divider resistor values 
from the procedure outlined in the GE 
transistor manual. ' Choose an acceptable* , 

valtfe. of V- • 

, cc^.. 

2. Record all* DC voltage readings. 

3. Fqr the;* initial measurements, the tank 
will be shunted only by the oscilloscope.^ 
Connect a signal generator to the input. 
Set..the signal amplitude at .a reasonable 
level. Sweep* through frequencies in .the 

' .Vicinity of w 455kHz until a signal of 

maximum amplitude Is observed. Record- - 

the setting "of the" signal generator, k . 

- - • - / 
Set the signal generator frequency at . 

455kHz and attempt to adjust the slug 

in the co'il so that the output voltage- - 

is maximum. If a resonant frequency 

of 455kHz is* not within the range of the 

lug-tuned coil, adjust the generator 

equency- slightly to obtain maximum 

•outpb 



Measure, the gain of thb amplifier at 
resonance. Plot a responre curve of 
relative gain- vs- frequency. Determine 

band wid th-fcrom-th e-lcurv e. Calcu lite 

circuit Q. 

Shunt a ohm resistor across 

the tank. Measure gain at resonance. 
Plot relative gain-vs-frequency. Determine 
bandwidth from the curve . Calculate " 
.circuit 

Make a« general -statement relating. shunting 
resistance and bandwidth. 
Remove"' the shunting resistor. Set the 
generator at the resonan ^frequency of 
the tank circuit. Determine if a different 
* probe -has an effect on the resonant 
frequency of the tank circuit.- 

ExpVUsnznt No. 4: Viti&ct CoupJLcd and 



7; 



8 



15 VDC 




1. Connect the circuit shown in Fig, 1 

2. Determine all DC voltages and currents 
■ by measurement or calculations. 

3. Using a 100Hz square wave as an input 
determine the total voltage gain. 

4. Remove the- generator and reduce the- 
supply voltage from 15V DC to KNLDC. 

. ^leasure-the^hange-_uuV^*____ * - 

5. Determine the temperature sensitivity of 
the amplifier by observing Jhe drift in 
V q as the transistors are heated ^ . * 

6. * Connect the circuit of Fig. 2. 



7. Adjust the 5k-ohm potentiometer * 
» until the DC output voltage is -5V. 

8. Measure the voltage gain of the. amplifier 

using a 100Hz square wave A _ . 
*~ : : *- 

9. Determine the temperature senTiTivity 

* . of the .amplifier... 
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Connect the circuit shown in N Fig. 1* 

. - : « - . * 
With the signal generator output at - 
* 

zero, measure or calculate all DC voltages 
and currents in the circuit, (including 
the DC collector to collector voltage 0* 
Meastire the voltage gain of the circuit. 
Set the input voltage at 100Hz, lv. \ 
™tth^s>gj*a l-genejra tor- us ed-mus.£^h ave a 



ri era tor- us ca-jnuj 
floating output. ^Al so both input and 
output must be mq^sured with a scope 
' having a floating input or a differential 



vertical amplifier,) 

Draw' the equivalent of the input circuit 
representing the floating signal source 
as two sources referenced to ground such 
that: . 



5.. Connect the circuit .shown in Fig. 2 
6: - -Measure all JJ^voltages' in the circuit. ■ ^ 
7. _ Measure the voltage gain of the circuit 

according to the procedure ^of step 3*. * 
\8.. Calculate the common mode rejection of 

the amplifier. 
~9: Replace the emitter resistor with a 2.7k ohm 
fixed resistor and a 5k ohm potentiometer. 
(The fixed resistor is tied from wiper arm • 

* to- ground. )' 

10. Balance the circuit for minimum common . 
mode gain;. 

11. Calculate-the^new. value of CMR. , 




££pj£imznt'ilo. 6* Amplitude, Modulation 
"^OBJECTIVES' To determine the results .of mixing 
two signals of different frequencies in 
iinear and. non- linear circuits, providing 
' * an introduction to basic concepts in 
amp 1 i tude ■ mbdu lat i on . 

to use a* transistor collector modulated 
amplifier to demonstrate a method of 
modulation ■ commonfy used in transmitters. 



INTRODUCTORY REMARKS • 

A fundamental requirement for the produc- 
tion of an amplitude modulated wave is that 
the carrier and the modulating signal be mixed 
in a device in which the relation of output* 
to input is affected by the amplitude of~the 
aoo^JLating^signal . For example, diodes, 
vacuum triodes~7~l>F^ansis_tors may be used 
as modulation by operating them in^tli 
non-linear regions'. Also, class C operation 
Of tubes or transistors, properly used- f 
permits a rather" special kind*of non-linearity 
in which varying ,^he plate or collector 
voltage varies the average transconductance 
of the 'devices over the modulating cycle.' 
.This method depends on the fact that in the 
class C amplifier the peak value of the out- 
put signal is approximately equar to the , „ 1 
supply voltage when, the amplifier's input i 
signal is great enough; thus, if the supply 1 
voltage can be made to vary in accordance 
with the modulating -signal's amplitude, the 
peak amplitude of the output will vary in 
the same way; Class C modulation is very 
commonly used because of its efficiency and 
low distortion. 

MATERIAL REQUIRED 

1-2N292 Transistor , 

1-1N64 Diode " 

1-560 ohm, 1/2 w. Resistoijs 

1-1000 ohm, l/2*w. Resistor 

1-1500 ohm, f/2 w. Resistor 

1-15-k-ohms, 1/-2 w. Resistor 
/ * 1-18 k-ohm, l/'2 *w. Resistor 

1-O.OSgf, lOOv Capacitor ' . 
Capacitor, 100 gf, 25 volts ' . 
Resistor, 33 kilohms, 1/2 ^att (2) 
Capacitor,' 0.01 uf, 100 
^mica, (2) 

Capacitor, 5000 pf, 100 volts, ceramic\>r 
mica,'.* . \ 
Capacitor, 10 uf , 25 volts ; 4 

Capacitor, variable, 25-280 pf. 
RF choke, 470 uH, Miller 73F474AF or equiv. 



72 jvatt 
) vprtsT 



ceramic or 

\ ■ 
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Transformer, Miller #2031 or equivalent 
Signal .generator, -HP 200CD or equivalent 
Audio signal generator 
Oscilloscope 

VTVM; 

Low*voltage power supply • 
PROCEDURE*: 

l\ > Consider the circuit shown, in Figure Y. . 
* Predict the amplitude of voltage., -at each • 

~— •* generator frequency, • across the 18 kilohm- 
resistor, assuming that each generator is 
developing 1 volt peak at its output 
terminals. . Find also the resultant of the two 
two signal voltages across the resistor, 
•'far the two^ extreme conditions: the two 
- signals in phase and the two signals 180 
out of phase. fi 




The superposition theorem is probably the 

most cohvenient way of making" the abc/e 

calculations. .Based on the above calcula- 
* * • ■ 

tions, make a sketch cf the expected wave- 

form- . ^ J^_ 

2. Connect the circuit of Figure 1, adjusting 
the generator frequencies as indicated, and 
each output amplitude to 1 volt peak. 

3. Observe and record the waveform and 
amplitudes at the generator output - 
''terminals and' across the 18 kilohm resistor. 
Use an oscilloscope sweep speed slower than 
1 millisecond per division arid adjust the 



triggering as necessary so that the peaks 
and troughs of the wave envelope arc 
stationary. (The Sweep speed should not 
be. set to show the individual, carrier 
cycles, as this will give a'meaningless- • 
pattern under modulation.) Show. on your 
sketch both the predicted and measured, 
values, indicating clearly the reference 
levels or portions of the waveforms 
concerned. " 

Consider the circuit of Figure 2.- Pre- 
dict the. signal amplitude at each 
frequency, and the -total or resultant, - 
across the tuned load impedance. Use. 
the method* you employed in step 1 except 

*thafthe higher^frequency generator - 
should be considered as tuned to the 

"exact resonant frequency ,qf ' the tuned ■ 
circuit for convenience* (This .will be. 
in the vicinity of 100 Khz.) 



33K 



\QO(\ 
KH 2 V 




Connect the circuit o*f figure 2, adjust 
the generator outputs to 1 volt peak, 
and adjust the higher frequency to, the Y 
resonant frequency of, the tuned circuit 
by tuning it for maximujn*outpuf. * . " * 
Observe and record th? waveform and 
amplitude of signal across the tuned , 
load. Indicate a comparison between ' 
predicted and measured values, as 
before. , " * 

■2' * ; 
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7. bn the basis of your experience in the 
- * % investigations above, predict' the waveform 
to be obtained across the 18 Jcilohra load 
in Figure 3. (Assume^the diode' to be an 
ideal diode: an open circuit when reverse 
J . biased; a short circuit when forward biased) ♦ * 
Sketch the predicted Waveform. 

, Check with the instructor before connecting 
the circuit, -\ 

• 8; .Connect ^Ke:circuit of Figure 3. Adjust 

' the generators as in step 5, but, in addition, 
r * ■ * 
v . since the diode- is not perfectly linear,. 

increase pr*decrease the amplitude of one. 

of 'the, signals in order to obtain a wave- 

form across^thc load in whish the modulation 

" is reasonably^ smooth and sinusoidal in 

appearance; -'This >wi 11 probably Require a 

• ■ # 

waveform indicating somewhat less. than 100% 
modulation* <\ *j ' * 

. Record the load waveform, using -the dq mode 
*■ for the oscilloscope' vertical ^'input. (The 
dc.mode^should be used on all th,£ measure- 
ments from now on.) 

i " : Using 'dashed lines, indicate (roughly) the 
dc component aind the low ^frequency compon- 
'-ent^ ort thi$wave/ona. ^ow. is the frequency 
of the low frequency component related to 
\ . the modulating frequency? * 
"\'9i— . Consider the circuit of Figure 4. *On the 9 

bas # is of steps 7; and 8,. and remembering 
» / what impedance the tuned load offers at dc 
t and at the modulating frequency, predict « 
the load waveform for this circuit. . 

Ch k with the instructor before connecting 
the circuit. 

"10. Connect the .circuit and adjust. the generators 

• * as necessary to obtain a waveform showing 

a reasonably smooth, sinusoidal modulation, © 
Again, ^because of non-linearity of the 
diode, this may have to be somewunt less 
-''than 100% modulation. 
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Figure 3. Modulating circuit without 
filtering. * 
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Figure 4. Non-linear mixing,- or* 

modulating circuit, with" 

.tuned load. *> 
• • * « 

11. Connect the circuit of Figure 5, with . 
the generators connected but both signal 
amplitudes set at zero. (See Figure 5 
at bottom of nejet pagej 

12. Set V to S volts, and with the RF 

cc • 

signal input at a low level adjust the 
tuning capacitor for maximum output at 
the collector. # * 

13. Increase the RF generator output amplitude 



until the amplifier collector signal - £. 
amplitude stops/increasing. The amplifier 
is now opera?nig_into saturation. 

14. Reduce »V to one-half of thc^value.you 
* / used in steps 12 and 13 ; Thw will now 

\' permit full .modulation without bringing 

the*. amplifier out of saturation. (Since , 
full collector modulation will raise the 
effective col lector "voltage to twice , the 
/" V^ c value, at the modulation peaks.) 

15. Record the waveform and amplitude* of .the RF 
signal at the collector. Use' the dc mode 
.of the scope. * • 

16. Adjust *the oscilloscope sweep sjjeed to-the,. 
vicinity of 1 millisecond per centimeter 
and; increase the audio signal level until 
a<pattern of peaks and troughs .appears at 

. , the ^collector. Adjust the oscilloscope 
;as necessary to synchronize this pattern • 
$o that the envelope variations, at 1000 Hz, 
are' stationary. 
.17. Adjust the audio* signal level so that the 
troughs go as*ne"*rly to zero as possible 
without excessive distortion N of the sinu- . 

■ soidal 'form of the'modulation envelope. 



tls^ Carefully record the waveform afuj^the 

amplitude of yhe signal at the collector, 
* using the dc mode of the scope/' 
19. Record the waveform apd amplitude of 
signal at. the junction -o^the l^.kMohm 
resistor and the tyjjttora of the t^nk cir- 
cuit. Be prepjjred^t.o^ explain the reason. f 
for tJ^p differencc^bet^ween this waveform 
and* that or* step .18. . 
*20. Record the waveform and amplitude at the • 
"Mod. S;g. Output". Be prepared to y ex- 
plain fthy this signal differs t as it does \ 
from the* collector signal. Be prepared \ 
to state" whether or not the .low frequency 
.component is still In this signal, ancS why. 
4£ the modu lat ed_ojaj;pjyrt^i gna lj>6 further^ 
..amplified .in a tuned amplifier, 'the low 
freqyency component will be discriminated 
agains.t. Make a neat sketch of : the 
appearance of the output signal of such 
an amplifier.-ajpuming. that 'the "Input ' ' 
Sv sJLgnal is* of the form of the "Mod.*Sig. 
■ Output", of step 20. ' . . V 

When jhclucfive coupling of the modulated 
signal butpu't is employed (instead' of 
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Figure 5. Circuit for simple collector modulation. 



* „*, capacitive coupling as in Figure 5) the low 
* frequency component 'is automatically dis- 
criminated against. Change your circuit - 
'* from Figure 5 to Figure 6 (making necessary 
3 . carrier frequency change) and take the , 

necessary .data to demonstrate this. Be 
^ — - -prepared -to explain why this happens. 

-ANALYSIS: Describe your investigation and, vour 
-findings. Jnclude in your discussion* your 
. answers ,to all the questions raired in the 
, progress of the -experiment*. 

:ExpehifliznX. Wo. 7r A.M. Vztzctoi v 
jClBJECTiyE^To investigate some of the relation- 
w . .ships affecting filtering, distortion, S 

and/detectipn^efficiency in a* diode amplitude 



demodulator. . 

. Collector modulation ^circuit from Experiment #6, 
,arid two signal generators as used in that experi- 
ment. 

1N$4 diode . 

/Capacitor^ '150 pf , 100 volts t4) 

-/Capacitor, 2000 pf, 100 volts 
j» * - • " » 
."Capacitor, 10,000 pf', 100 volts 

-\ .. 
^Resistor, % 68 Jalohms, 1/2 watt " 

Resistor*, 10 kilohm, 1/2 watt 

*' Resistor; 2.2 kilohm, 1/2 watt 

-Low vol tage^p,ow px "supply 

VTVM ^ 

OscilTo scope' 
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PROCEDURE: * • 

I . Filtering ' Q m • 

Connect the circuit shown in Figure 1, 
* in which the transformer shown within 
the dashed rectangle is the output trans- 
former of the modulator of Experiment 9. 
Adjust the RF and Audio signal .levels in 
the modulator for full" output and 
approximately 100% modulation as ito 
Experiment 9. Use 1000 H? for the Audio 
frequency. • 

Observe and rec'ord the waveform at the 
transformer output terminals, us^ng. a 
XI probe. This is. of course the type 
of 7 circuit and waveform you might find 
at' the output o'f the IF stages of a 
i^peiver . * * 

Record .the waveform across* the 68* kilohm 
load resistor still using. the XI 
probe. Be sure £o use the d-c mo.de of > 
the 'scope, in^ order** to* be able to 
observe^-c levels; . 
Question: -Since there is no filter 
capacitor acrosa the 68 Tcilohm resistor, 
we should expecj RF t»o be present as well 
as audio. But why is the 'RF .amplitude 



5. 



as small as it is in 



s case? 



455 
KHz 




Change to a«X10 (low capacity) probe and 
observe the waveform across the load 
jesiscor. Compare the. amount of RF with 
that noted in* 4 above, and explain. • 



IE - 1 Mod. Sig. Out 



lO/tf 



-r 10,000 (cyiooo 

[ ¥ 1 KHz 



Figure 6, Collector modulation with transformer 
coupling to output 
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Connect 150 pf across the load resistor and 
■ * ** • * 

note the v ef feet on the waveform. 

II. Distortion due to the, diode characteristic . 

1. If you are using nearly 100% modulation as 
instructed, there is very probably distor- 
tion (clipping) evident in the audio wave- 

' form. * 

By comparing with the unfiltered waveform, 
ascertain whether it is the peaks or the 
.troughs of the modulated wave which are * 
• being clipped. From your text material 
'(DeFrance: Communications Eleptronics 
Circuits) explain the probable .cause of 
„ this clipping. 

2. Reduce' the amplitude of the audio signal - 
input to the modulator to reduce the 
modulation percentage, until the eloping 

^.seems negligible. 

3. Observe the waveform at the output of the 
modulator and make .a ; rough' measurement of 
the modulation percentage. 

. Does this seem to verify the statements 
in the text? 

III. Diagonal clipping due to excessive filtering . 

1. Stj.ll using the lower modulation percentage 
from step II. 3., increase the RF filter 

' ' capacitor to 600 pf to improve the elimina- 
tion of 'RF from the Audio output. Record 
the amount of change of RF amplitude. 

2. Change*the Audio modulating frequency to 
SKHz and by tapping off and on 'the additional 
450 pf of step 1, note the change it causes 
in the audio waveform. 

3. Explain 'diagonal clipping. 

IV. .Distortibn-vs-size of load resistance. * 
1.. Change to 300 pf for the filter. 

2°. ^Restore the audio frequency to lKHz but keep 
m the li>w modulation percentage you have been 
using. • * w 

3. Carefully reaSfaPfche detectors audio < 
output amplitude* and. waveform. 

4. " change TT to 2.2 kilohms 2 and change C io 

10,000 pf . (The change ij\ capacitance wiH 
• result in roughly the ~same time constant as 



you had with the 68 kilohms and 300 pf .) 

5. Carefully record the effects 'of this. • 
change. 

6. „ Reduce the modulation percentage to 

eliminate any clipping. Roughly measure 
the new modulation percentage. 

7.. "What are your cpnclusions with respect 
to the effect of a very low load resis- 
tance \>% this kind of distortion? Does 
this seem to verify what the text had 
to say? In other words, is this clipping 
worse with low R than high R -- did yc 
have to go to a lower percentage modula- 
" tion than in step 11.3? * 

V. Detection ef f iciency-vs-load resistance. 

1. Carefully^ record the amplitude of the 
detector Js audio* output iho the condition 
obtained in step 13/. 6 above. 

2. "Without changing signal levels, restore 
the 68 kilohms and 300 pf in place of 
the 2.2 kilohms' and 10,000 pf ,and 
record the effects of this change. 

3. What are your conclusions with regard 
to the effect of load resistance upon 
detection efficiency? 

ANALYSIS: Briefly summarize your investiga- 
tions and your findings. Explain 
briefly the basic cause of each effect 
noted. 




Figure 1. Simple. diode detector 
without. filtering. 
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CHAPTER 6 

INSTRUCTIONAL TECHNOLOGY 



J 



Regan.dleAi> oi how well a cunxiculim i& 6tnjuctuAed,.ii the 
imtAucton. it* not an eiiective. teacheA In the claA&noom and 
labonaton.y, it.ii u&eJLe** ." The in&tAucton. mutt be. able, to 
communicate, with, the student which. fie.quin.eA an integrated systems 
approach that make* zUicient use oi both curAiculwn mateAial 
and teaching methodology. 

Thit, chapteA U the iirst oi thn.ee in the. report that is 
devoted to the. how oi teaching at, compared to the pn.ece.ding chapteAS 
that have concentrated on the what to teach. Included in * 
ChapteA 6, in addition to .discussions oi in6tA.tipti.onal method* 
and materials that one available, ii> a action that dtscribes an 
eipejvment that- the pfioject staii conducted on using media to 
btiing industAy and the technician into the classroom. Appreciation 
it> extended' to the companies involved and to RogeA Mussell ion. his, 
" assistance. 

The. last section is on the language oi electronics with 
emphasis on schematic diagram. The material in- this section could 
be used veAy zUcctively In the INTRO coarse. SinceAe appreciation 
is extended to R. Ozone Bradley ion hi* contribution* in tkisjAea. 
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GENERAL AND SPECIFIC CONSIDERATIONS 



Tliere are many problems.associated with the application of .instruc- 
tional^technqlogy that must be corrected. These include the following: 
'Problem: The biggest^ problem to overcome are people problems, not 
i technical prob Terns Many electronics instructors do not 

incorporate media in their -instruction because they simply 
* do not know much about if, how.it operates, ' how to ! use it . 
effectively, or for a variety of other rea«oiTs>^Rather 
^than admit their inadequacies, instructors continue to 
\teach with the same old ineffective methods. 
Suggestion^ Tnere needs to be a greater expansion of in-service teacher 
education. This. will help«the instructor to know where to 
locate materials, how to produce simple media* how to plan 
" instruction using media, and certainly, how to present the 
materials effectively. This does not mean that the elec- 
tronics instructor needs to become a media specialist but 
rather one who knows when, where, and how to use materials 
effectively. 

Problem: The most often used excuse given by electronics "instructors 

\ * 
is that they just don*t have time for curriculum development 

and the design of instructional materials and techniques. 

The complain that it takes time to look through the many 

catalogs, to order properly, to improve instruction, and to 

develop \curriculum materials. 

Suggestion:" Instructors must be given* released time from the classroom 



and 
tron 



Problem: 



lab to improve the- quality of instruction. The elec- 

\ • * 

ics instructor must learn to work with media specialists 

in the instructional resource center which now^ exists in 

most community colleges and technical institutes.. They are 

experts in Vmedia- and can assist the instructor*to have^the 

right method of instruction in the right place at the right 

time. ^ 

There is a tendency^ for electronics instructors to hold on 
to old demonstrations and aids because they have tit in- with 
a course that was taught several years ago. They do this 
because it takes*time to prepare new material and rationalize 



their actions; by saying that it worked before so why make 
any changes, 

Suggestion: The^ electronics instructor must keep abreast of advances 
in curriculum and instructional methods by reading journals 
and attending meetings.. If he is not kept abreast of such 
progress, or if lie is not equipped to employ new techniques. 
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^ which have proved effective, the student is going to suffer. 

It can.be shown that the adoption of the multimedia method 
of instruction can give the instructor more free time to 
pursue .the goal of becoming a better teacher. 

Problem: Many instructors will not use media because they .think that 
it will be "show and tell" and that the -students will make 

• 1 - fun of these presentations. So, they stick with the chalk 

and blackboard because it is the only method that they feel 
comfortable using, not realizing t hat l earning requires more 
than just coyyin'g "down Tn format ion - from the blackboard and 
taking notes from the lecture. 

Suggestion: Instructors need to become aware of the value 01 instruc- 
tional techniques and materials and' stimulated to use them. 
He needs to be able to determine the type of instructional 
media best suited to *the presentation. No one medium is 
good or bad generally. It is a matter of selecting media 
which possess such characteristics as to make it possible 
to implement the desired conditions of learning. 

Problem: Another "problem with using media in electronics is with 

the software. Very little prepared material is available 0 
that the electronics instructor can use. There are a great 
number of devices available with nothing to use with them 
in the area of electronics technology.' 

0 

, Suggestion: Electronics instructors must work closely with professionals 
to develop needed materials. If only the instructor would be 
more specific about his needs, commercially 'made materials 
could be developed that would be of value. To do this, the 
instructor must use a planned approach towards definite stated 
educational objectives. 

Problem: Colleges and universities are not producing personnel capable 
to lead in-service workshops in the area of instructional 
•technology. * 

Suggestion: Colleges anu universities' must produce qualified leaders 
to assume the responsibility for orienting teachrrs to new* 
instructional procedures. 
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INSTRUCTIONAL TECHNOLOGY AND ELECTRONICS 



WHAT IS INSTRUCTIONAL TECHNOLOGY? 

Instructional technology in- a very narrow „ 
sense is thought of by many in the xield of elec- 
tronics as simply* the hardware that the instruc- 
tor use§ in the classroom. They are .primarily 
concerned with devices such as film projectors, 
tape recorders, teaching machines, overhead pro- 
jectors, and many other devices that are avail- 
able on the market. 

Instructional technology is more than just 
hardware .and requires a more complete explana- 
tion. The following defines the way that in- 
structional technology and applications to elec- 
tronics was conducted in this project. Instruc- 
tional technology can be broken down into two ^ 
■terms: ' 

/, JmtAuction - Wherever, whenever, or however 
it should take place. It may occur in the class- 
room, laboratory, at home, at work; at any time 
,bjr e^pej[jmehtat^n, reading, working problems, 
or by any other means. It may be in large groups, 
small groups, or individual study; in various 
formats such as teacher directed, ^co-operatively 
directed, or student independent inquiry, 

2, Technology - The most general dictionary def- 
inition, Applied Science, A consoiousuind^de lib- 
erate choice of combining: 

a, Tecixnique (techno-) - meaning the sys- 
tematic procedure associated with science 
(electronics), a sophisticated methodology, 
a practical application of an idea, 

b. Study oi (-ology) - meaning the continu- 
al intellectual pursuit of ideas, the devoted 
search for concepts or theories upon which, 
to base practice, 

IntViuctional technology fie^ViA not only to 
hcutdvaAe. and to^tiAake', but aJU>o to tixe ovqaoH 
pAoc&A6 whetieby tilt mo6t evident uah 0(5 alt tie- 
60UAC&6 £qi leajuujxg — botli human and material — <u> 
made in a dzlibenate e^ovt to matdi izaouacza to 
batlc educational need*. ' 



Application of instructional .technology is. 
a systems approach to organize and condense nec- 
essary or desired experiences as concisely and ■ . 
systematically as possible so as to increase vl the 
probability that learning will occur and in an 
efficient manner, A systems concept when applied 
to electronics^ technology allows for the curricu- 
lum to be more effective and 'efficient in rela- 
tion to the^learnlng tasks and goals to students, 

VEVELOPING INSTRUCTIONAL MATERIALS. 

* ■ £ 

'The techniques of curriculum development, and 
the design of instructional materials should al- 
ways have the objective to. provide for learning 
which will best serve the learner. Two .aims of- 
ten neglected in the development of curriculum 

materials are: /■ 

/ 

1, Providing for differences in level of 
achievement among students, J 

2, Providing for differences in individual 
rates of learning. 

In spite of the fact that not all students 

I 

enter the electronics program with the same 
achievement background {notice. I have 6ald 
achlevmetit^jiot^abiJUty) , all students have an 
individual rate of learning, and, each student 
-has-ar' method of learning that is best for] him; 
the instructor 5 tends to treat everyone the same 
and relies on the poorest and easiest method of , 
instruction, the lecture. It pa&t time that 
tixe electronics inbtnueAoti put* down ku chalk 
and become Involved witlx a mofie evident 
teadiing-leaAnlng ptoceaa. 

ROLE OF INSTRUCTOR 

Teaching electronics, is a shared responsi- 
bility thaft is a team effort involving 'general- 
ises, specialists, auxiliary personnel, resource 
material, and instructional media. The electron- 
ics instructor is becoming more of a diagnostician, 
of the learning situation and knows when and where 
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to send the student to a particular resource for 
help. The tremendous expansion in electronics 
has caused many "educators to~become acutely aware 
that teaching, and learning must have a major ov- 
erhaul simply on the basis of the burgeoning quanr 
tity of knowledge, facts, and materials. 4 Nearly 
^any, competent electronics instructor today knows 
that he cannot cover all the material or that a 
student cannot acquire all of the knowledge that 
is available. It is impossible for the electron- 
ics instructor to.be the mediator of all learn- 
ing. Attention must be given to changing some 
of the nature of the traditional electronics or- 
ganization. To improve learning, we must get 
cumy- ^om and moKe towaJid*. 



Planned instructional sequences do not nec- 
essarily lead to rote, learning* When properly de- 
signed, structured lessons can lead to highly 
meaningful learning of concepts which will be 
useful for future learning and .problem solving. 
For example, discovery or inquiry experience 
should be a part of audio-tutorial lessons, but 
only for those objectives which require this kind 
of activity. A more complete discussion of audio- 
tutorial methods is presented in Chapter 7/" 

WHAT IS MEPIA? 

To assist the student, the instructor must 
make proper use of media. A question that mi^ht 
be asked is: W/iat 4A.,meant when we apeafe otf 



AWAY -FROM 



TOWARD 



Memorization- of technical information ------Comprehension and understanding 

Boring lectures Self-directed study and learning 

Group instruction- —More individual instruction ^ 

Cookbook laboratory experiments ----^ Creativity and discovery 

. - i *■ 
Presentation of material-- ' --Student learning 

Tradition -New explorations 

Media as an aid to the instructor —Media as resources for the learner 

Presentation of facts . Development of attitudes . 

Two-year program as a finished product Continuing life-time learning 

Fit objectives to media Media to objectives 



The electronics instructor needs to know 
where to locate materials, how to produce simple 
media, how to plan instruction using media, and 
certainly, how to present materials effectively* 
This does not mean that the electronics instruc- 
tor needs to become a media specialist, but rath- 
er one who knows when, where, and how to use ma- 
terials effectively. The advances in curriculum 
and instructional methods are of little value if 
the ^electronics instructor is not kept abreast 
of such progress or if he is not equipped to em- 
ploy techniques which have proved effective. 



media? Media as defined by ETCDP refers to bro- 
chures, catalogs, standards and codes, drawings, 
schematics, parts lists, specifications, seminars 
handbooks, manuals, journals, demonstrations, mea 
surements, films, experimentation, etc. MecUa at 
tu&6 ion. tlie body oi knowledge. leAu&Ung from the 
application o£ the. science ojj teaching and learn- 
ing to a66i6t in the teadiing- ieaAning p*oceA6. 

Media are essentials, not just frills that 
are AuppZamitasiy leaxtung, not bapptanting the 
ctccVwnicA inAtluctqx* No one medium is good or 
bad generally, but rather it is a maHjjjr^of • 



2Q9. 



selecting media which possess such characterist- 
ic - : . % 
ics Xtyat will make it possible to implement the 

.appropriate conditions of learning. Ju&t cu> an 

QJLtct^cian ha& moxz titan oni*tool in hJU tool 

pouch,' *o muht thviz bt mote tixan one tool oi 

The use of media refers to every item that 
« * * 

might be used' in the class or laboratory, extend- 
ing' from the overhead projector to the chalk- 
board; from a daily quiz to a £uest speaker. De- 
termination should be made regarding the type of 
instructional media best suited for student 
learning. Audio-visual aids, programmed instruc- 
tion, audio -tutorial instruction, and team, teach- 
,ing are biit a. few of the methods which deserve 
consideration. This does not. imply that the in- 
structor utilizes such techniques to the exclu* . 
sibh of ail others, or simply ta be up with the 
'times. He uses them only when and where they 
prove the most effective means of learning. 

PLANNING INSTRUCTION 

If new kinds of media hpve anything in com- 
mon, it is the ability to look efficient f attrac- 
tive, and expensive all at once. Media of any 
sort are absolutely useless if they do not serve 
a purpose. To avoid media that only look- good I 
and to develop a systems approach to learning, 
we should: 

1. Vzttnmbxz ttudznt neeck 

a. Is what I am going to do really re- 
quired? 

b. >What will the student need in the 
future? 

2* VzZvwiLm (johat fizqwUizd 

a. It is at this point that behavioral * 
objectives are stated. 

b. This step also determines input and 
:_ j output requirements. 

3. VzteAmim koto tixt objzc&veA wJLl be mat 

a. What methods to use; audio-tutorial, 
on-the-job training, lecture, etc. 

b. The critical point is that thinking 
must go beyond simply a course. 



c Select materials.-that^wiil^e^rej; 



quired." rf If commercial materials 
are not available, you may wish 
to produce simple -materials your- 
self, or request having them made 
in the Instructional Resource Cen- 
ter. 

Implement thz. bu&iuction 

a. Utilize" the techniques /and materials 
effectively to meet the required ob- 

" ' jeGtives. ] 

b. Several different methods of in- 

f 

struct ion should "be used covering 
essentially the same information* 
MonitoK thz rfeedfoacfe dataj 

a. Work out evaluation methods to de- 

i } * 

termine if the objectives 7 have been- 

satisfied. | 

Atofee neceaaa/u/ moduLlioaAion* 

a. Pay attention to feedback data and ' 
make necessary improvements. 

b. At this point, the ^losed loop of 
learning is completed by inserting 
the necessary changes at any of the 
above-mentioned points. . The follow- 
ing diagram will illustrate: 
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THE OVERHEAD PROJECTOR 

The overhead projector is the most widely 
used piece of audio-visual equipment in education 
today. The overhead projector is a visual tool, 
and studies have shown that jwe tend to remember 
more and learn faster when the learning is done 
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with both the eyes and ears,ratner than with the 
ears^alone.- ~No~matter frpw much research studies 
show the benefits'.to be gained. by utilization of 
the overhead, the average .teacher does not use 
the* overhead projector in the classroom and lab- 
oratory as much as he should. 

* In- using the overhead', the presentation can 
combine verbal material with personalized trans- 
parencies of four different types— diazo, thSrmo, 
,f*eat lift, and write-on, plus commercially pre- 
pared visuals. Therefore, the instructor has a 
variety in the choice of materials at hi 5^. dispos- 
al, the transparency is the medium that the over- 
head projector uses to produce a picture screen 
which consists of a sheet of acetate or other see- 
through plastic, film that can be imaged chemical- 
ly or by. special write-on pens or pencils. 

MAKING TRANSPARENCIES 

The original or master from which a trans- 1 
■parency* is to be produced should be kept simple 
and uncluttered. Try to use less than ten lines 
and only about six or seven words in each line. 
The main point of interest should be presented in 
the upper two- thirds of the page. This helps to 
assure maximum visibility by the whole class. 
The cardinal rule is feeep'^t 4>hon£ juxd bmptt. 

One of the most common types of transparency 
makers used in schools is the infrared copying 
"machine. Making an infrared transparency uses 
t ie principles of infrared copying--a dry, pne- 
step operation that requires a master or original 
on any type of paper and compatible ink and a 
sheet of specially treated transparency film. The 
infrared transparency maker will reproduce India 
ink, ink used in magazines and textbooks, news- 
print, Number 2 lead pencil or softer, charcoal, 
some lettering-kit letters and black typewriter, 
ribbons • Tne original must be in a carbon base 
or compatible media. If the original is not of 
. this type, a Xerox copy can be made that can be 
used in the infrared process. 

One point overlooked by instructors when 
making transparencies is to assure readability 
of the visual. Many times the lettering is too 



small. Although the room size and number of 
people in it determine the size of lettering 
needed, a good rule of thunrtr is: If the materi- 
al is readable with the naked eye at ten feet, 
the transparency will project adequately. The 
point is, always write big. Ordinary typewriter 
print is too small. A speech or primer type- 
writer should be used to assure back-row read- 
ability. Another technique that is very effec- 
tive is dry transfer lettering which can be ijut 
.directly on the overlay by burnishing into place. 
These are available in many sizes and colors. 
Also, the heat-resistant dry transfer letters are 
available for use on originals which will be re- 
produced by infrared process. It is quite^im- 
portant that v these be used because the non-heat- 
resistant type will melt* in the machine. 

It is most important t}/at legible lettering 
be used. The only time type can become too large 
is when all of the information cannot be fitted 
on the overlay. When selecting already prepared 
material, size of type a should be considered. For 
.example, most schematics are top small to be used 
directly. 

With the infrared process, it is possible 
to produce: 1 A black image on a clear transpar- 
ent background; a colored image on a clear back- 
ground; a black image on a colored or tinted 
background. Many instructors like to use^a black 
image with a yellow background because it is eas- 
ier on their eyes. 

In addition to the above techniques, an ad- 
hesive material may be used that is designed to 
be affixed to a bare transparency. This adhesive 
material is available in several colors. Also, 
the overlay can have color added by the use of 
overhead pens that are available in several col- 
ors.' Vou need not be an cvutiAt to cieote youA 
own e^ecttve vlbualb. 

Only two pieces of equipment are needed for 
effective visual communications--an overhead pro- 
jector and a copying machin8 for making transpar- 
encies. A transparency can be made from an orig- 
inal in a matter of seconds. Remember, a visual 
is a picture of an idea. Concentrate on one 



211 



point or one comparison for 'each visual, 
cdlor for variety and emphasis. 



Use 



b. 
c. 



\ 



For an effective presentation, the instructor 
should' review the transparencies prior to their 
use so as to: . 
* a." Prepare lesson objectives. 

Arrange the order .of presentation. 
Detexrai'ne which ones' can be used as a 
basif :or expansion and clarification, 
of a, major point. 

Determine which transparencies can be 
\ . used to illustrate revisions, additions, 
\ or variations. 

e. \Determine which transparencies can be . ■ 

us^ed to display complex figures.. , t 

* ■ * x 
TtohvujquQA o& U&i>xg the, OveA/iead VKojtcZoK 

There are some very important techniques 

that every proficient user of the overhead takes 

for granted that should x be mentioned. 

» 

a. Face the group a£ all times to maintain 
' eye contact which allows you^ to talk 
directly to the class and monitor re- 
action's • 

t ' b. ' Look, at the visual on the projector- 
stage rather than on the screen. VO 
HOT use a pointer and turn your back to* 
the group. Reinforce identification by 
pointing with your finger or pencil on 
the projector-stage while discussing the 
illustration. 

c. Be sure everyone can see the screen. 
Projecting the transparency to a screen 
located in a comer six to eight feet 
high in the front of the room is most 
effective to assure that everyone can 

> see. No need to turn off room lights. 

d. Control- the attention -of students by 
simply turning the projector off when 
you want your classes' attention, then 
turn it on again when you wish to direct 
attention back to the visual. 

e. Develop the habit of turning off the pro- 
jector when changing visuals to avoid 
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distracting the class with unnecessary 
movement on the screen and position the 
visual before turning the switch -on. ' 
This "-also helps po; maintain class at- 
tention. 

f. Reveal the projected mate riaKto the 
class a section at a time by blocking 
out areas of the transpai\..»cy by a 
piece of paper, thus projecting only* 

. the 1 material "under study. This keeps 
' * the class from getting ahead of the 
visual lesson. 

g. Use a grease pencil or felt-tipped ov- 
erhead, pen to show a key concept, to "*\ 
underscore a point, or to indicate 
movement. Emphasize 7 and supplement 

—the transparencies by using pressure- 
sensitive materials. v ' 

h. Information which lends itself to a ( 
_step-by-step* presentation can be broken t 

down into its components Each step is 
put on a separate transparency and then 
all are taped together or attached to a * 
. cardboard frame and are then folded in- 
to place as an overlay as the in forma - , 
tion is developed. 

i. Stand just a little bit left of the pro- 
jector to-make sure your shoulder doesn't 
block the screen. 

j. Encourage student participation at the 
\ overhead projector. Provide material 

^\ for them in advance for them to make 
\ overlays. 
k\ Use two overhead projectors, if neces- 
sary*. For example, use one' to show a 
cirqujt schematic and the other for 
problem solution. Or, use a projector 
and the blackboard if necessary. Do 
not restrict yourself to one or the t 



other. 
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PROGRAMED INSTRUCTION 

Programmed instruction lVanother tool that * 
the electronics instructor can use. This type of 
instruction may be produced in various forms such 
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as "Book, audio and video tape, computer-assisted, 
etc. The material is presented in aj series of . 
frames, each of which generally calls > for a re- 
sponse, from the student. The student responds, 
the correct answer is given, and ii" the^answer 
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is correct, .reinforcement is provided. ^If the 
answer is not correct, the student is redirected 
to preceding information* I 

* ( Programmed material can be an, effective in- 
structional tool for the electronics program if 
it, i soused properly. This means that there are 
times when $his can be a very effective method 
for some students and should be used to supple- 
ment instruction. Programmed material is a very 
good place for students that are slow or having 
troubles. One area that works quite well is for 
students that are having trouble with the math. 
An abundance of , good programmed math material is 
.available which "can help those'with weak back- 
grounds. Also, programmed material is very good 
for* a quick review or for the student that wants 
to, work on his own. Programmed instruction, like 
; any other method, has its advantages and disad- 
vantages; and it is up to the instructor to de- 
termine* when and where this method will work. 

/ - - "V, 

Luteal and hipiyit>it Piognammuig y 

There are two techniques uied in programmed 
instruction, linear -and intrinsic programming. 
In the typical linear programs there is only one 
path the" learner can, follow. s sjAnear frames are 
^usually Shq*t and consist dj^iHstatement that 
gives a'pi'decrof information and requires the 
student to use this information in cdmpleting a 
sentence by filling in a missing word or words, 
and then he checks his response from the' correct 
answer. He then goes on to the next frame, al- 
though he may be directed to skip ahead if he 
demonstrates command of the material at certain 
point* or he may be directed to repeat a sequence 
or do a remedial sequence. He usually progresses 
in a step-by-step forward direction. 

Intrinsic or what is commonly called branch- 
ing technique provides a lea^n^ng sequence that 
is determined by the answer he selects from the 



choices that have been provided. <If he selects 
only correct answers, his progress is direct; if 
he* does not, he may be presented with remedial 
materials and. proceed through a series of loops* 
which keep returning him to points along the main 
path. The answer that, is selected, usually from a 
multiple-choice group, determines the next step. 

Ttie computer undoubtedly has the greatest 
potential in this type of programmed instruction. 
The computer can accept and evaluate responses 
constructed by the student, can provide almost 
unlimited .branching on a variety of criteria in 
microseconds of time. The computer is primarily 
limited by the ingeniousness of the designer of 
the program. A more detailed discussion of'com-* 
puter .assisted instruction appears later in this 
chapter. 

Problem tsxtili P t Kognajme.d hu>£nuc£ion 

The .problems encountered in tho - use of pro- 
grammed instruction in electronics include iden- 
tifying those technical students who can benefit 
most from this method of^inst ruction, identifying 
skills or concepts that can be learned best With 
this technique, obtaining effective prepared pro- 
grammed material that is cowmercially available 
and preparing instructors to use programmed ma- 
terials effectively and efficiently. 

Pfwgnam&d Textbook* 

Wtten I hear the word programmed instruction, 
I immediately think of programmed textbooks, and 
this is what I would like to touch on now. Very 
little good programmed textbooks .arc available 
for two-year electronics programs. A partial J 
list of those available is presented in the 
Appendix. 

Programmed textbooks should be used as a 
.supplement to other instruction and not depended 
on as a primary source. It has been found that 
some students like and benefit from programmed 
texts while others do not. Therefore, pi&grammed 
material should be available for those students 
that can benefit most. Programmed materia^ can 

be .a big help for the instructor, -- very good 

I 

-source for review and self-study for the 



instructor and a good source for instructional 
material. A very good set of programmed 'in- 
struction that is relatively inexpensive and 
very good are the ones from Tektronix, If you 
are not familiar with these/ I suggest that you 
take a look at them^ A listing of programmed 
textbooks can be found in the Appendix of this , 
report** 

INSTRUCTIONAL FILMS 

x w Instructional films can/be a valuable sup- 
,plemerit to the electronics curriculum if used 
properly. For example, a film may be able to 
present phenomena that cannot be demonstrated 
easily by sonfc other method. Examples might in- 
clude rotating phasors, waveforms, reflected 
waves,. ^fields, physics of semiconductors, etc. 
Almost anything that can. best be presented by 
animation can best be done with film. 

There has be'en considerable criticism- of 
commercial films 'Ky electronics instructors. 
They complain that films require: 
a. Too much class time, 
.b.. Too much material is presented in 
\ - too little time. 

c. Material is not up to date. 

d. Films have to be ordered so far in * 
advance and never arrive at the^&M 
propriate time. *** 

e. It .is hard to find good films. 
*f. Rental of films costs money. 

these and many more legitimate complaints are 
constantly being brought up by instructors. To 
help solve some of these problems, ETCDP has con-- 
cent rated part y of the year- long activities on 
films. 5ome/of these activities include the fol- 
lowing:* / 

1. j. search for, and review of, 16mm and 
'8mm films. The impossible task of re- 
viewing films was kept to a minimum, 
although many were viewed. A compre- 

V 'hensive list of-16mmand 8mm films* 

1 most of which are free, appears in the 
Appendix. 
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2. A pilot experiment was conducted, on , 
making- amateur films in industry., A 
detailed discussion of this activity 
is presented" in a later-section of this^ 
chapter. 

c 3. Effort was made tc find out why schools 

do not use films. • «. . 

4.^ Investigation or* the places in the cur- 
riculum that films could, best be uti- 
lized. Some of*^these. places have al-* 
ready been identified in a previous 
paragraph. " . 
One of the reasons that schools .do not use 
films is because instructors* do not know how to . 
properly use them. Perhaps the following sug- 
gestions might be helpful. « 

a. Prepare the class and tell why the 
film is being shown. As\ one' or more 
questions to stimulate student inter- 
est and list the key points to watch - 
for. This means that the instructor 
must preview thre~~film before "being 1 77~~ 
shown to the class {mot>£ QanQAaily 

not dono.). 

b. Show the film and then discuss v the - 
major concepts. Students -sometimes 
need to see a film more than once to 

4. grasp the major points. - ] 

c. Use films as supplements to curricu- 
lum, not in place of, where appropri-> 
ate. This allows for more flexibility 
and relieves worrying about films ar- 
riving on time. 

d. Instead of showing, films during class 
time, make them available during some 
free period or perhaps form an elec- 
tronics club that might show films on 
occasion. Showing films, during lunch 
time has been very effective for some 
schools. Also, by making films avails 
able, students can view them as often 

— as they want.-- — ^ - _____ 

e. Many schools purchase films that are 
very effective so that they do not 
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have to worry about ordering them. There 
are several good films that fit this cat 
egory which are good for recruiting stu- 
, dents. - / 

SUPER m FILMS ; . \ , 

In addition to 16mm films, Super 8mm films 
have considerable potential for electronics. Su- 
t per 8 is a, new. kind of 8mm movie film which gives 
a brighter, bigger, .and a much sharper picture 
that approaches the quality of .16mm movie film. 
Super 8 has the same width as 8mm, but the pic- 
ture area is 52% lax ger because the sproclftTt holes 
'are smaller and closer to the edge of the film 

and' there is less, separation between frames. 

« , * - o / 
Regular 8mm film is on. the way out because Super 

8;£s so-much superior. The point is, tnere is a 

difference between Regular 8 and Super 8, and 

therefore require different projectors or "one 

that will .play bith 8mm and "Super 8mm 

'Ft£m Loop* 

— Film~loopsrfare^ short' and are generally less' 
than 'five minutis long. They may either have 
\soun<$or are *siient. The film loop offers all. 
■the possibilities' that film can be used, such as 
micra-pjjotogradhy; animation, slow -mot ion, and 
so on.- In fact 



it can be used for any kind of 

concept where potion or time i* an intrinsic part 

of the concept/, For example, the generation of 
t 

a^sine wave is a concept in wh\ch time is very 
important., 

Film loops are very .easy %o use. They are 
permanently enclosed in a "plastic cartridge. To 
•use the loop, the cartridge is simply plugged in- 
to the projector and turned on. There is no 
threading and tne main cause of film damage is 
eliminated, because the fingers never touch the 
film. 

As the name indicates, the*loop is continu- 
ous and will run over and over until it is 
stopped. This allows the student to .view the 
concept-until he understands.- The -film-never 

has 'to -be rewojund,* and the film can be started 

# 

or stopped or inserted or removed at any desired 
timey-notLjust at the beginning or end. 



As a whole, the commercial loop films that 
are available leave much to be desired. If there 
is no explanation on the film itself, it is« dif- 
ficult for tire average learner to get much out of 
it. Of course,* subtitles can be added to the. 
silent unit, .but this does not really satisfy. 
Most of the ones that I have viewed are very con- 
fusing,- and very few are of the level required 
for this .type of electronics curriculum. Most 
are concoAnzd viiXh dialing e£ectaoK£. * * 

The ideal is Super 8 with sound. This meth- 
od does have great potential since a combination 
of good quality photography in color along 'witji 
carefully written scripts will explain concepts 
in more detail. It is a relatively inexpensive 
method £pd one that can be done by the instruc- 
tor. It is an ideal way of placing, demonstra- 
tion, or related lessons on a permanent visual 
aid. A major problem, howeve'r, is that there . 
is no standardization of hardware or cartridge 

c 

for Super 8 with sound,* 
. Sup6r 8mm filnTloops are equally useful for 

individual study or group viewing. Each film 
loop comes an a ready-to-use snap- in cartridge, 
and covers a single concept in 3t4 minutes."" The 
advantage is that it can be repeated over and • 
over again. This is an advantage since in most 
classes the learning rate of the students is not 
the same. There is a difference between Regular 
8mm .and Super 8mm, with Super 8 being the better 
quality. There is very little commercial film" 
loop material that is of any value. 



ELECTRQUKS SEMINAR 

One of the easiest and most beneficial ac- 
tivities -to incorporate into the" curriculum is ■ 
jthe electronics seminar. This is one of the 
best places to help develop interest., attitudes, 
knowledge, an^l appreciation of the electronics^ ( 
industry by bringing in workers in the field. 
This might include engineers, technicians", su- 
pervisors, 'past graduates., management, salesmen, 
etc. The electronics seminar does not necessar- 
ily have to be offered for credit, but can be 
an informal activity in which the students can 



become familiar with activities of industry and of improving teaching has been found to be very 

industry can become familiar with the students successful^ A very good source for mqre infor- 

and curriculum, # The benefits to be gained from mation can be found in the March 1970 publication 

an electronics seminar can not be over-emphasized* of ln$uiccxui$ IdaCCLticn, ..The article, "Video- 



If you arc not presently conducting this type of 

* . * * 

sorainar, I strongly recommend that you give it a 

•try.' ' 

t t ■ 

:clo&v<ircuit tv 

£CTV can be a tremendous aid to the instruc- 

tor, ThC\jmain advantage is that ijt puts every 

student, iii a front-row scat, Itor crtampie, the 

ability of a camera to get closd^up shots ailows 

the students to literally look-.^vcr the instruc- 

tor ! s shoulders with a clear view ^of each clement 

of the demonstration, , . „* 

.An excellent opportunity to utilize this 

'medium is in the INTRO course,* . I : or example 9 a . 

^discussion of schematic diagrams allows the sfcu- 

dent to sec, as well as the instructor, such things 

as symbols,, signal flow,* power floW> etc, A more 

detailed discussion of- .schematic diagrams appears 

later in the chapter, Instrumcnt^-oah' be demon- 

itrated for operatipn and. construction t^fthiqucs 

can be observed. With the image magnification % 

technique, the names on- every knob can be read, 

readings can be taken , etc. There are many ap- ( 

plications for using this method of instruction 

€ t haft need to be. investigated, ; . 

With t)*e development of video-tape recording; 

additional applications arc possible, One a\f- 

plicatiori is to use the VTR to record, events out- 

'sidc the clas'sroom to be .shown in the classfpom,^ 

An example that has considerable possibilities 

of using -this method to JOring industry into the 

classrqom. is .-presented later in this chapter. 

This method allows for demonstrations to be put 

on a v semipermanent format which can be used over ■ 

.and over, , , x 

' Another important use -for video-taping tcctW^. 

niques is instructor evaluation. This allows tne 
* 

instructor to view himself either in. private or 
with someone else and to help point out placc^fe 
where improvements might be made. Hi i s technique 



taking and mi c rot caching technique^ to improve 
engineering education, 11 is a report of a pi If 
experiment conducted, at the Department of Gener- 
al Engineering at the University of Illinois. 

••• 

W10-TUT0RWL INSTRUCTION 

Audio* tutorial instruction has -much to of- 
fer for both the instructor and the student. It 
^is one method of instruction that ally instructors 
should give* careful . consideration, A more de- 
tailed discussion is presented in the next chap- 
ter with sample A-T lessons, 

• Also, in the Appendix a list of slide- tape 
presentations iiKprcscntcd uith descriptions. 
These materials are being developed by Phil 
Cutler of I.KA and are of the level necessary 
for^aii engineering technology program, 

COMPWTLR-ASSlSnO INSTRUCTION 

Using a computer in t/he tc aching- lea nVijHg 
process has much to- offer for the electronics 
curriculum, A discussion of C-Al is presented 
in Chapter *8, , 

4 

COMPUJEKS AND CALCULATORS 

Die use of computers ai^| calculators to 
help with problem* solving allows much, more 
flexibility, decreases time sjfccnt on repeti- 
tious, calculations | and allous for more ad- 
vanced uorf at a much earlier time in che 
curriculum, A. more detailed discussion of 
.computers and calculators .with" sample prob- 
lems developed by the Summer Institute mem- 
bers is presented in Chapter 8, 
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USING MEDIA TO BRING INDUSTRY TO THE CLASSROOM 

(AN EXPERIMENT) 



WTR0VUCT10M • 

9 * » The following is a summary of a pilot ex- 
periment that 'was. conducted :ia; November of 
• 1969 tfs a part of the'projeet. It was not a 
.true 'experiment with hypothpses and statistical 
Analysis but rather an investigation of methods 

that might be used to brj.ng the real ;%orld into 

* • 

the educational environment. , 

Many students enter an ef'ectromcs tech- 
nology program with very little knowledge of 

what an electronics, technician does out on the 

* ' '* 
job. »fthat little* knowledge he may have is-. 

** ^ 
probably distorted'by the* glorified ijigarmation 

that he has seen on TV or comirfereial films. 
They do .not" represent the real world of elec- 
tronics and are usual ly centered around a 
-company, product, or process with the 'real 
-emphasis being to advertise the company. They 
are very unreal and do«not k give a true picture 
of JChe instrumentation, techniques, and role 
of technicians in industry. 

WQUSTM AMD THE CLASSROgtt 

• There are several ways of bringing the 
industrial* atmosphere into the classroom and 
laboratory. Some of these ways are: 
1 . Audio Tape 
•2. (fo-op Programs 

3. Field Trips 

4. Films 

5. Industry Speakers 

6. Instructor Experience 

7. Slides 

* 8. Video Tape* 

OBJECTIVES VP THE EXPERIMENT 

1. To investigate the use of selected 
media equipment to bring industry 
into the -classroom. * • ^ 

2. To investigate the attitude of 
industry to this type of activity. 



5. 



6. 



To develop a procedure for effective 
utilization of this media in industry 
and the classr6om. 

To investigate the application of this 
activity to the electronics curriculum. 
To suggest guide lines whereb> others . 
may develop similar presentations. 
To see it* the average classroonf 
teacher can complete this type or* jug 
activit> with adequate results. 



EQUIPMENT USED ,> 1 

1. A completely portable, battery- 
operated 1/2 inch VTU system that 
could <be carried and operated by 
one person. It consisted of a 
hand-held video camera with zoom j 
lens and an electronic viewfinder, / 
with a built-in microphone connected 
to a shoulder-carried video tape 
recorder. 

0 2. A Super 8 millimeter movie camera 

with automatic light control with 
battery operated zoom lenses/ 
3. A 35mm/f 1.4 camera. / 
4: A 16mm movie camera not ba/tery 

operated. * / 

5. A portable audio tape recorder. 

/ 

COMMIES SELECTED / 

Four companies in the northwest suburban 
* area of Chicago were asked to' part icipate . 
Initial contacts were made with Industry 
Advisory Committee members /from William Rainey 
Harper College % by Roger Mussell of Harper 
College and a .member of the project Steering 
Committee. Following thjs, a letter was sent 
describing LTCDP , objective of the experiment, 
and a request for permission to carry out the 
„ project. All companies/ that we^etwrtturted^ 
offered their assistance and allowed us to 
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enter for the purpose previously described. The 
companies with their rospective 'representatives 
were as follows: 

Chicago Aerial Industries 
• t „ 550 West »Nf6rthwest Highway 

* Barrington, I l-.linois^.' 60010 • , • % 

. ^Advisors: Jerry Schasre 
v * Roger Wolin 

Julian Saper 

Motorola, Inc. , 
1301 East Algonquin Road 
Schaumburg, Illinois 60172 



Advisors : 



Burnham CasterUne 
F.d SchwdllenbaCh 
Ken Johns 



Underwriters Laboratories 
v 207 Eatst Ohio Street 
Chicago, -Illinois 60611 

Advisors:. Harold Bond 

. * Robert Van Brundt 

j 

Western Electric. Company ■* 
Hawth'orne Station 
Chicago, Illinois 60623 

Advisors: John Smeljanic 
Don Reed 
Gary Melhart 

I 

Appreciation is extended to the above 
companies for their co-operation and assistance. 
Each company went out of their way- to make this 
project a success. It is a pleasure to york 
with such helpful people and to note the co- 
operation that exists between education and 
industry . 

Each of these companies was selectecf 
because of the diversification of product and 
utilization of manpower. Each had particular 
points of interest for the student. For example, 
Chicago Aerial manufactures military aerial 
reconnaissance equipment, Motorola at Schamburg 
makes two-way FM communication systems, Under- 
writers Laboratories is a testing laboratory -for 
safety of consumer products, and Western Elec- 
tric is the manufacturing arm of the Bell 
Telephone System. These companies cover a broad 
spectrum of employment opportunities available 
to technicians. 



• INSTRUCTION ON EQlllPMEUT 

Advice on the various types of media to be 
used was obtained from the Instructional Re- 
sources Staff of both Harper Col lege ; and Parkland 
College. Operation of the equipment was gone 
over verbally and the-operation of equipment 
at the plant site was accomplished without / 
prior practice. The equipment used was select- 
ed for a minimum of operator intervention, 

. i ' 
just aim and pull the trigger. Lens opening, 

shutter sp?e*d, ami zoom capabilities that re- 
quire a minimum amount of adjustment are 
advantageous factors for the amateur. A camera 
operator from Harper College was used to operate 
the 16mm movie camera. This was the only 
professional help utilized while visiting the 
company plant sites. 



FILMING PROCEDURE 

The following procedure was used at each 
company : 

1. General ly*arrive at about 10:00 a.m. 
and mee* with company personnel. 

2. A quick plant tour with points of 
interest noted for later return. . 

3. A discussion of the plant, background 
and history of the company, the 
F/TC0P, what exactly we would like to- 
shoot, etc. Settings and types of 
shots were discussed, V ro P er p.ersons 
notified, and permission cleared* 
Major areas of interest wer.e visited 
and filmed, video taped, and slides 
taken. Three persons were involved 
in the picture taking activities. 
The responsibility was as follows: 
One person operated the portable 
video tape unit; one for the 16mm 
camera with tripod; and the third 
utilizing both the Super 8mm camera 
and 35mm slide camera. The audio 
recorder was utilized primarily in the 
discussion sessions. 
Usually completed by 3^00 p.m. 
This schedule was followed for each 
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of the four days spent with the Experiment, 
Operation became smoother each day as we knew 
a little bit more about the operation of the 
equipment and the areas that we wanted to shoot. 



RESULTS 
1. 



Some industries are willing to co- 
operate in this type of activity. 

2. Each media has various advantages and 
disadvantages. (See chart on next page) 

3. There is definitely an application of 
this activity for the classroom and 
the electronics curriculum; 

4. It is an activity that an amateur can 
do with little or no practice. 



CONCLUSIONS • * 

This type of activity has a lot to offer 
to the .electronics curriculum and to the stu- 
dent. First-year and even second-year reactions 
to seeing much of the material were quite favor- 
able and encouraging. What effect upon the stu- 
dents* future in the program this will haVe can 



not be determined b*tt is worth further investi- 
gation. 

Our feeling is that the student will. have 
a better understanding of the function' of the 
manpower team in industry. Not just the techni- 
cian but the craftsman, industrial technician, 
engineering technician, engineer, management, 
etc. Also this should help to develop a healthy 
attitude relating to the concepts and manipula- 
tive skills necessary for success oh the job • 
because of the actual technicians seen at work, 
the equipment used, and the functions performed. 

Many insights can be presented through the 
use of- media that can emphasize the real world* 
and show the student why he must become know- 
ledgeable in the areas of circuits, electronics, 
and laboratory operations. IjJ notitinQ e£&e 
Is o& value., cut l&aAt tilt student wilt $ee tixat 
tixo. woKk benc/i i& actually meAty and dattoAzd 
wWi panted qaacvuU boaAd*, zqitiprntiit, cbmpo- 
nenta, and not oZzan and mat a& m04t commeAclai 
pxzJt>o.ntaZLonb &zpic£. 
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35 MILLIMETER 


1/2-INCH VIDEO TAPE 


COST 


High-Speed Ektachromc 

Color Film 36-exposure $2.50-3.00 

Process ing-56-e.xposure $2,50-2.75 

Camera $100.00-400.00 

Slide Projector $ 60.00-200.00 


Video Tape per 60-min. roll $30.00-40.00 . 
Processing 

Camera and VTR $1200.00-1800.00 

Television Monitor $120.00-400.00 

Total coct of tape 
N . with sound per »nin. ' $.50-. 70 


ADVANTAGES 


\ 

a. Equipment is simple to operate. 

b. Good quality picture. 

c. Available in black and white 
or color. 

d. Very inexpensive. 


a. Equipment is simple to operate. 

b. Both sound and picture are recorded 
simultaneously. •* 

c. Instant feedback, no need to wait for 
commercial processing. 

d. Opportunity to erase and retake. 

e. Tapes can be used over as many as 500 
times. 

f . Easy sto rage for tape s . 

g. Portable and light-weight equipment, 

h. Relatively inexppnsive. 

i. Easy to edit and' dub. 

j. Can be narrated over and over. 


DISADVANTAGES 


V 

a. Still picture is not effective 
if movement is to be emphasized. 

b. Not very effective without 
sound (A sound-slide pre- 

f sentation would be better). 


\ 

a. Lack of -compatibility between 
different makes and models unless 
universal model VTRts are used. 

b. Difficult for school^ lo' exchange 
tapes because of compatibility. ^ 

c. Can accidentally be erased. 

d. Initial investment in equipment is 
moderate, but could be a\ drawback. 

e. Usually' not in color. (May or may 
not be a disadvantage.) \ 

. ■ . \ ■ 


POSSIBLE 
APPLICATIONS 

c 


a. Very effective where movement 
is not a factor. For example, 
at Underwriters Lab", 'a product 
is tested generally at one lo- 
cation. / 

/ 

b. Good for close-up stills of 
equipment. 

c. Can provide sequence of specif- 
ic operations with, emphasis on 
.'etail. \ 


a. Most effective for talk sessions 
by company personnel, technicians, 
engineers, etc. 

b. Very good method when viewing a 

• technician at work and having him 
or his supervisor explain his 
operations and functions. 

c. Can show assembly line sequence 

of assembling, automatic soldering, 
etc. Can trace the process or 
product from raw to, finished 
p roduct. 

d. Has the greatest application when- 
ever sound is of prime importance. 


PREFERENCE 


Three 


One 
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SUPER EIGHT MILLIMETER * 


SIXTEEN MILLIMETER 


Color film per 

100 ft (8 min.) $4.50-5.00 

Processing per>00 ft $3.70-4.^50 

' Soundst«^ped per 100 ft $4.50-5.00 

^-•CaSiera $200.00-800.00 

Sound Projector $100.00-900.00 

Camera with lip sink 
, audio equipment ^00. 00-500. 00 

Processing with sound per 100 ft $12.00-13.00 

Total cost of film 

with sound per min. , $1.60-2.00 


Color film per 

200, ft (8 min.) $15.00-20.00 

Processing per 200 ft $11.00-i5J)0 

Sound stripped $9.00-10.00 

Camera $1000.00-8000.00 

Sound Projector $500.00-1 700.00 

Total cost of film % 
with sound per min. $4-.S.O-5.50 


\ 

a. Equipment is sample to operate. 

b. Good quality picture that approaches 
16mm quality. 

c. Available in black and white 
or color. J 

d. Possible to have lip 
sink sound. 

e. Cost is not unreasonable. 

f. A permanent record. 

g. Can be exchanged with other 
schools. 

h. Can be narrated over and over. 


a. Equipment can lie, but not usually simple 
to^operate. v 

b. Very good quality picture. 

c. Available in black and white 
or color. 

d. A permanent record. 

e. Can be exchanged with other schools* J 

f. Most schools have 16mm projectors. 

g. Can be narrated over and over. 


a. Schools may not have reel to reel 
magiretic sound projectors. 

b. Difficult to narrate sound to produce 

a good film.-. (Ideal is one that records 
sound at the same time.) 

c. Not very effective without 
sound. 


a. c Almost impossible to obtain lip 

sink sound without professional 

help. ^ - 

b. Can be narrated, but is not as — - — ■ 
effective as hearing other people 
talk. 

c. Most schools do not have a 16mm 
magnetic sound projector. 

d. Cost is relatively expensive-. 

4 

t 


a. If sound recording capability is 
used, the same applications can be 
realized as those of VTR. 

Y\ Wi frhmit" *?f>iinfl uorv pood for 
assembly line sequence. 


a. If sound recording capability is 

j used, the same application of VTR 
and Super 8 can be applied. 

* * 

b. Without sound, very good for 

assembly line sequence. ^ 


Two 


Four 



THE LANGUAGE OF ELECTRdNICS 



mROVUCTlOH 

Tfie study of electronics is highly dependent 
upon the language of electronics that is used. 
The language is the means by which the technician 
must communicate with other members of the man- 
power team. To be successful, the technician 
must be able to convey his ideas and to under- 
stand ideas that develop between craftsman, 
engineers, other technicians, customers, manage- 
ment, etc. * 

Although we as teachers realize the depen- 
dence on the language, we rarely acknowledge this 
dependence. We are limited by the language when 
teaching an electronic concept. 4 Thus, the stu- 
dent must master the technical terms involved 
before he can possibly hope to understand the 
concept under study. If he does not master the 
language, he will not get the concept. 

Not only is it necessary for the student to 
master the technical terms to learn the concept, 
but in many cases the technical term, itself, 
IS the concept. In these cases, knowledge of the 
technical term is the' only knowledge necessary. 
In this respect, it must be pointed out that the 
technical language is more than just a tool of 
the technology. It is the key to the technology,. 
A thorough knowledge of the language of the tech- 
nology represents about 90% of all of the know- 
ledge of ^hat technology. For example, included 
in the understanding of the term "voltage" is an 
understanding of Kirchoff ! s voltage law. 

TECHNICAL VOCABULARY 

The language of electronics can be divided 
into three basic parts. The first of these is 
the most obvious, but not necessarily the most 
important. It is the technical vocabulary, c t he 
words that have been formulated for electrpnics 
or have been adapted to take on special meaning 
in electronics. This is the area in which we 
are most dependent upon the language when we are 



lecturing to our students^. They must understand 
the terms we use in order to understand the 
lecture. This is pretty much of a limitation 
but it is possible to turn it iu^ an advantage. 
Since most topics are actually built around a 
few key technical terms, these terms by them- 
selves, constitute a sort of rough outline of 
the topic presented. By emphasizing the tech- 
nical terms in a vocabulary section we can 
* vlluminatei the^structure of -the-topic to .the 
student at the same time- we are overcoming the 
language barrier. In addition, the vocabulary 
section, by itself, can serve as a rough out- 
line that the student can refer to any time in 
the future f or rev iew. i 

Any good understanding of a technical 
term includes: , 

a. A definition of the term. 

•JL - 

b. The relation of that term to . 
others in* the technical vocabulary. 

c. The reason behind using that term 
for that definition instead of using 
"Some other term. 0 

'Most of these things are taken for granted 
by those of us who use the term every day. When 
you learn a technical term you unconsciously 
look for these points and this is an indication 
of a good student. The good student will see 
these relationships easily while the poor 
students will have a hard time digging out this 
information. If we were to stress these rela- 
tionships we would help the poor students and 
not risk boring the better students/ From 
the above discussion, it is apparent that 
stressing the vocabulary and using it to ad- 
vantage will : 

a. Pinpoint the heart of concepts to be 
presented through the use of key words. 

b. Provide a rough outline for any lesson 
that the student can use as a study 
guide. I 



222 



c. Emphasize the key areas which a student 
should concentrate on when reviewing 
for a test. - ■ 

SVUBOLS 

The econd basic part of the language of 
. electronics is the use»of symbols. The use of 
a symbol requires a precise understanding between 
the user and his audience 1 about the meaning of 
the symbol. The symbol is used because its 
meaning is very precise and can be conveyed with- 
out the use of many inexact words. Without the 
precise understanding about the meaning of the 
symbol, its use causes a total void of communica- 
tion. In electronics , there are two types of 
symbols that are commonly used: mathematical and 
electrical. When we use mathematical symbols 
it is important that we either use symbols that 
„are_quite_f ami liaiLto_the„student_or-jnake_the_. . 
, effort to assure that the student becomes famil- 
iar with the symbols. It has been proven that 
students learn a mathematical concept much more 
easily and quickly when they are familiar with 
the symbols used. If strange symbols are used 
the student foay overlook the simplest mathemat- 
ical relationships by worrying about the unknown 
symbols. 

Most electrical symbols are a combination 
of a mathematical concept and the physical means 
* of achieving the mathematical concept. For 
example f ^Mf f the symbol for resistance, is 
drawn in such a way that it looks like it could 
slow down anything that is to travel through it. 
At the same time, it also indicates a way by 
which we can make an actual resistor. We could 
take a long piece of thin insulated wire and 
then fold it so that it will be more compact and 
easy to handle; then we have a resistor that 
looks exactly like the symbol for resistance. 
It should be pointed out that the symbol for 
resistance takes on two different meanings de- 
pending upon how it is used. If the symbol 
is shown by itself, it usually means the mathe- 
matical concept of resistance, not ah actual 
physical resistor. If, however, the symbo) is 



part of a large schematic it usually indicates 
an actual resistor, or, if you -will, an idealized 
model of an actual resistor. 

When we explain the meaning of any symbol, 
there are several things which we must stress. 
Among these are: - -*rpr ^sZQf* ^ 

a. The definition of the symbol^} c 
mathematical and physical terms! 

b. The difference between the ideal model 
for a device and the practical device 
itself. K 

c. The reason that that particular symbol 
is used for that particular "concept • 
instead of some, other symbol. 

DIAGRAMS 

The third part of the ^language of elect- 
ronics technology is the illustration or the,, 
diagram. It generally is used to show relation- 
ships between two or more elements or events. 
Ln addition, it usually .uses vocabulary or 
symbols. There are several types of diagrams 
used in electronics. These include: 

a. Schematic diagrams, which show the 

electrical relationships between 

elements. 

0 b. Charts and graphs, which are to 
indicate the, relationships that 
exist between parameters of the 
electronic circuit, 
c. Pictorials, which indicate the 

special relationships between parts. 

SCHEMATIC DIAGRAMS 

A schematic diagram to a technician is 
like a square to a carpenter. A good carpenter 
is one that can read a square; a good technician 
is one that can read a schematic diagram. This 
ability is usually an implicit learning process 
that the student may or may not acquire. This 
is one of the most important tools that the 
^technician use:* and should be an explicit part 
of the curriculum. Many important concepts 
can be presented early if the student knows 
the language. The place to start with the 
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-discussion of the schematic diagram is in the 
INTRO course. Schematic diagrams need not be 
a special topic but rather the many things that 
can be read from the schematic should be pointed 
out with emphasis at the appropriate time. ' 

For example, the student should know that 
a schematic diagram shows: 

a. The sequence of signal operations. 

b. The dependence of each circuit 
block on neighboring blocks. 

c. A logical pattern for trouble-shooting 
the system. 

d. A method for locating the parts on 
the chassis. 

e. Mechanical connections, linkages , 
or grouping of components. 

f. External connections. 



h; 



Relative importance of components . 
Interconnection of components, 
i. ^alues and limitations of components. 

NOTE: Additional discussion cn these 
points appears later. 

The student should also know the conventions 
that are used in drawing schematics. These 
include: 

a. Signal must flow from left to right I 

b. Signal components should be positioned 
horizontally so that the sigral will 
flow through them from left to right. 

c. Power should be applied to the xircuit 
at the top of the circuit. 

d. Power and bias components should be 
positioned vertically. 



e. All connecting lines are drawn- either 
horizontally or vertically unless 
specifically required by the symmetry 

of the circuit. i - / * 

j 

f . Ground is always at the bottom of the 
'* circuit. > ' 

g. All test points, components, connections,; 

pin locations, etc. are labeled. 

I'- 
ll. 4 Overall symmetry through: 

1. Evenly spaced components. 

2. Similar components placed at 
x ' the same level. 

3. Parallel construction. 

4. , Progressive construction, 
i. Standard symbols and conventions arc 

used.- 

j . The function and the importance' of * 
components and circuits are emphasized 
"by proper placement and orientation. . 

■v 

k. Where possible, a picture of the 
waveform is^ provided at a test point 
that indicates proper operation 

SCHEMATIC DIAGRAMS (A SPECIFIC EXAMPLE) 

The following is a discussion of the above 
mentioned points concerning schematic diagrams,. 
Reference is made to the Heathkit AR-15 stereo 
solid-state receiver. which is reproduced with 
permission from the Heath Company. Due to the 
si-ze of the schematic only parts have been 
reproduced . To give a complete overview of the 
schematic lay out, refer to the following block 
drawing that indicates the relative position 
on the schematic. 
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' . - Fig.. 1 

Signal- f lorn ?nom Le£t To light 

This is one of the most important points 
that can be emphasized about the schematic. 
Because 'one signal does flow from left to ngnt, 
we can <tell at a glance the sequence of opera- 
tions. The true importance of the direction 
of signal flow is that it shows: 

a. The order or sequence of signal 
operations. • 

b. A logical method to follow when 
trouble- shooting. 

c. The role of each circuit as a 
building block" in making up the 
entire system. 

Referring to Fig. 1, we see that the signal 
is received at the external connections on the 
left by the. AM and FM antenna. The signal path 
can then be traced through the circuit by 
fpl lowing the heavy lines. This makes it ex- 
tremely easy to trace the signal through each 
circuit in the system. You can tell at a 
glance just what happens when, where and how. 




This is a very simple but effective method of 
drawing attention to the main signal path; 

Notice that the signal components are 
generally positioned horizontally so that 
the signal passes from left to right. 

Ground 16 A&aay* At The Bottom 

In every case, regardless of where the 
ground lead is in the circuit, the lead turns 
down before it connects to ground. Because • 
of this, in most cases the circuit element 
or device symbol is usually oriented so that 
the ground lead will come out of the bottom ' 
of the element. k 

PovoeA 1& Supplizd At The lop and 
And The Bottom The CtAcutta 

The power for a circuit is usually applied 
at the top of that circuit and the ground re- 
turn, is usually at the bottom. Combining the 
ground at the bottom and th # e power at the 
top of the circuit', we see that the power flow 



I CiftCUlT BOARD • 
^Ltn CMAWNtt J 




Fig, 2 



through the circuit will always be vertical. 
Depending on the polarity of the power' supply , 
the current will either flow from the top down ■ 
or from the bottom up. 

Notice 1 that the circuit elements that 
carry the power to the transistors are generally 
in a vertical position. Not only does the power 
fltDW vertically through the transistor, but it 
flows vertically through all elements leading 
to the transistors. As a general rule,, we can 
state that power elements are usually vertical. 

"•The same reasoning stands for .most support 
elements such as bias resistors. These support 
elements, although they don't carry signals and 
often don't handle power, are placed vertically 
to keep them from becoming confused with the 
signal elements. x 

The signal- carrying elements, as we have 
already indicated, are normally positioned 
horizontally. Generally speaking, we can say 
that if an element is horizontal, chances are 



it is" a signal element or a coupling element, 
and if it is vertical, 'chances are it is a 
power or a support element. 4 

CVicwtfA itfitk'SimilciA function* A/te 
PZaczd In SimUoA Po6<UUon6 

In the case of the tuner- sections (Fig.l) 
the parallel construction is used to show 
identical functions. In the case of the 
amplifier sections (Fig. 2) the parallel 
construction of the right and left channel 
amplifiers shows both identical circuitry 
as well as identical functiqns<. Circuits* of 
the system which have functions in co:nmon 
with other circuits are usually drawn parallel 
to those other circuits. • " ^ 

The similar positions of the parallel 
construction can be in various forms. In the 
AR-45, t the parallel construction is essentially 
through vertical placements one above the other. 
Another common method is to use horizontal 
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Fig. 3 



placement. In this case the fy*o circuits are 
placed side-by- side and the resulting signal 
comes out between or below them. .This partic- 
v ular method" is less preferable to |the vertical 
. placement because the signal ceases to flow 
from left to right and can sometimes cause 
confusion. 



\ 



ThcwAAAtofi Positioning 



In practically every case, the transistors 



are placed' so that they face the right. That 
is, the base is on the left side. This is also 
in keeping with having the signal flow from 
left to right. Usually when a transistor is * 
placed backwards on the schematic, it is to 
show a certain kind of circuit symmetry. Usu- 
ally, the symmetry is used to show that the 
circuit is trying to find a comparison or^ 
balance between two input signals. Such is 
the case of the differential amplifier formed 
by Q415 and Q416, the deviation squelch ampli- 
fier shown in Fig. 3. Note also that the 



\ 



transistors are placed on about the same 
level on the schematic. This tends to make 
the schematic pleasing to*the eye and easy 
to read. 



SupponAing Ciiaiitb A/ie Pe-empfuW/tzed 
<* 

The supporting circuital net ions such 
as AGC, squelch detector, power supply, etc. 
are fairly well de-emphasized by their posi- 
tion on the j schematic. For example, -the * 
power supply board is tucked away in the 
s ^ lower right hand corner. This seems to in- 
dicate that the power supply serves no direct 
function on the overall signal modification 
ok the system. It only supports the system 
by supplying the power. * 

Utitizing SdivncuticA 

\ 

It is imperative that the student become.^ 

intimately familiar with using schematic 

\ it- 
diagrams. \This is a process which requires 

time and much experience in the reduction of 



\ 
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complex systems into a^series of simple sub- 
units. The laboratory does not necessarily 
provide 'the only activity in which this exper- 
ience can be gained. Circuit analysis courses 
provide an excellent opportunity for practicing 
and demonstrating the techniques of simplifica- 
tion and analysis. 

The student, as he progresses through the 
electronics curriculum, should be able to analyze 
a problem from a schematic diagram in 1 an efficient 
manner. If a system is not functioning properly, 
he should be able to pin point the trouble before 
actually trouble-shooting the system. The ability 
,of the technician to select an efficient method 
for the solution problems that he faces is one * 
-that can not be over emphasized.* At the end 
of r 'the two years, the student should be able to 
identify fhe most logical method to use in 
solving a network if indeed a most logical 
method exists. This ability carf not be instilled 
in the student overnight but rather must be, a 
gradual process. : 

The method that will ensure that the student 
wj.ll possess this important attribute upon ^ 
completion of his program is to make this an 
overt part of his curriculum. 

First, what are some of the common methods 
that the technician can use as tools? These 
include:^ 

a. Voltage and* current divides. 

b. Source conversion. 

c. Superposition. 

id. Thevenin's and Norton's. 

e. Nodal analysis . 

f. Loop analysis. 

Which method to use on a particular network 
'is not^determined by a set of rigorous rules. / 
The question of which method of analysis would 1 
be most convenient to use includes the following 
considerations: K% 

a. Network configuration. 

b. Results required. 

c. Number of equations to be solved. 

d. Ease of formulation. * 

In general, the Alievenin, Norton, and super- , 

/ 

228 



position theorems are used under more 
specialized circumstances than the Loop or 
Nodal methods; In most cases, the problem 
i$ to find only one or perhaps two unknowns. 

^ The Superposition Theorem is very valu- 
able when there is a combination of A-C. and 
D-C sources or sources that jare out of phase. 
Thevenin's and Norton's Theorems are ver/ 
useful when it is necessary to find an squiv- 
alent circuit, ftfr example, when working 
with maximum power. 

A network containing several parallel 
branches usually has more loop th%n nodes, 
thus requiring fewer node equations for its 
solution. In some other cases, the number 
of loops and nodes may be the same or there } 
may be more nodes than loops. If a total ; 

solution is desired, the shortest or easiest 

* , f 

method for the person solving the circuit 

•1 

would be best. Also, depending upon what ■ 

is to be found, a current or voltage will 

also determine the method of attack. i 

In a network of any degre«7of complexity, 

the number of independent Kirchhoff Voltage 

Law equations generally exceeds the number - 

"* i 
of independent current law equations. For 

these cases^, using the nodal method would 

be best.. In general/ to work with a. complex 

network, "there will be usually less nodesT 

than loops. j 

It must be kept in mind that the solu- 
tions of the loop £qucuUon& cuiz loop cvWizntt*. 
Branch currents and 'voltages can be founcl from 
these, but additional computation is required. 
Similarly, the solutions to node zquatLon* 
are node voltages ^ 

There is really no cut and dried method 
to use for solving circuits. There are, how- 
ever, techniques which can be used to | 
simplify certain types of circuits. It is 
the ability to recognize these circuits tha$ 
lend themselves to obvious methods of 
solution that will help the technician on the 
job. 'j 
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CHAPTER 7 
INDIVIDUALIZED INSTRUCTION 



Kudio- tutorial, instruction i& the. subject oY^&fua chapfyA. 
The. faJiAt section include* a (Lu cushion o£ the. advantage*, dLti L 
advantages, and applicatioti&'o^ mdio-tutoiuaZ instruction. 
Technique* o£ pre#a/Ung <A-J 'teA&oyi* including mailing the. audio- 
tape. and*'JUde* ii aJUo presented. 

- The. second sectiQrt describe* the. u*e o£ audio- tutoriat in 
the eZectAonic* technology 'program at Purdue University. The. 
remaining section* \x/te sample. le**ons that iJUmtrate the. technique 
OjJ applying the. audio-tutorial method otf impaction to selected • 
topic* in both the. laboratory find cZa**ioom for. an Elect/ionic* v 
^echnology^cuMtcuJtum^ * 

A-T inst/iuction has many possible application* fioii the. elec- 
tAonic* cuAAtcalm and the. student. Jnst/tu&tor* should give, careful 
consideration to the. audio-tutorial method, where applicable., a* a 
supplementary tool in thetr cuMtculil^t. • * • 
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AUDIO^TUTORIAL INSTRUCTION 



WHAT AW- tim OF AUPI0-TUT()RIAI> 

Audio-tutorial instruction is a technique 
which uses an audio-tape recording to present 
some part of the instructional material in a 
unit of. 4 3tudy. It is more than a canned version 
of the traditional classroom lecture. The audio- 
tutorial method'of learning co-ordinates a multi- 
media approach for independent instruction that 
challenges students of every background and^abil-' 
ity. Each student can become directly involved 
in Jij^s own education and seek a learning rate 
'matched to his ability and desire, 

■As early as 1912,. the question of which mode 
of presentation had the greatest effect on learn- 
ing was being investigated^ Studies have shown 
that some students learn best by seeing, others 
by hearing, and still .others by both hearing and 
seeing. .There is no doubt that students vary in 
their ability to absorb ayd understand, yet 
material is presented jto the entire class at the 
s ime time. Mdans must be available for student 
self- instruction, so that the student can proceed 
ajt his own pace in preparation for class and/or 

r reinforcement and review after the topic has" 
|een covered. The textbook alone does not seem 
tjo be very effective, iu&cause it does^not. provide^, 
adequate and immediate feedback to the* student * 
and appeals only to the visual sense. - ' 

The audio-tutorial method provides the oppor-* 
tunity for subject matter to be covered in a 
variety of ways by which all kinds of students can 
learn best. Each student can select the medium 
which best suits him as an individual and it is 
the. in st rue tort job to provide these means. 

The audio-tutorial method can be used as a 
basic instructional resource in the classrodm and 
laboratory. Prepared audio-tutorial lessons can 
be available for students to use in the classroom, 
laboratory, learning resource center, or at home. 
Audio- tapes can be incorporated with slides, 
written material, equipment, textbooks, closed- 
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loop films, film strips, or any other medium,. 
The audio-tutorial' method of learning incor- 
porates good learning procedures and involves 
sequencing and integration "of subject, raster. 

The future success of" Teaming In/our 
electronics programs is. dependent to )w large ■ 
extent on our^ ability to innovate success- 
fully with what we know and are learning about 
the nature of learning. ' We should hot be 
willing to accept present structures for teach- 

ing simply because they have existed for a 
* | ' 

■ long time. On the other hand, it is riot 

worthwhile Vq scrap existing systems until we 4 
can replace them with workable alternatives, 
Applications'of audio-tutorial instruction 
promise a. means of improving educational and 
economical efficiency in the learning process 
in electronics technology. Increased atten- 
tion must* be given to individualization of 
learning to help the electronics student to 
become a self-activated learner, each to his 
ability. To accomplish this goal, the role of 

the electronics instructor must be redefined, 

« 

The instructor must not only use the traditional 
jfiedia but must learn to operate in the class- 
i_r command laboratory with additional tools ox 
learning. 

The instructor has been and will continue 
to be the single most important factor affect- 
ing, learning. Studies have shown that students 
can learn from the madiinc but it still takes a 
teacher to inspire, encourage, and influence, a 
student to learn. Or as another person said, 
"ThoAC can be mcchanicai ^vLIu/iqa , bvud tlieAc 
i6 no Audi tiling ctA a mcchan,icat 4uec&64", 
Audio-tutorial instruction is mpptmcntLng. 
tcaAfiing, not bupptwcntihg the eJtcctxonicA 
aj\&Vuxq£ok. 6 
^ In spite of all that has been written about 
audio-tutorial instruction, the fact remains 
that the techniques now available have made very 



230 



little inroad into the average technical education 
program. There are exceptions, but most programs 
are only at the edge of the full opportunities for 
these techniques for improving learning. This 
does noV imply; that the instructor utilizes such 
techniques to .the exclusion of all others'; or 
simply to be up with the times . He uses them r 
only when and; where they prove to be the most 
effective means of learning. 

Using audio-ljutorial instruction effectively 
requires the instructor to use a planned approach 
toward definite stated educational objectives. 
It requires the instructor to know. where to lo- 
cate materials, how to produce simple' me^W«how 
"to plan instruction .usitog media, and certainly 
how to present "the mater pais effectively. Some'_ : 
techniques for producing audio -tutorial Tessihsx. 
appear later in this chapter. >m *\\ 
Learning is essentially an individual matter,- 
\ based on maturation, ability^ interest and pur- 
pose. The.probleinjthen is to recognize these in- 
dividual differences and to provide the widest 
variety of learning experiences which will best 
erve the learner. Audio- tutorial instruction 
can help to solve these problems but dees not 
hold all of the solutions. No one method is good 
or bad generally but rather it is a matter of se- 
lecting the method which possesses such character- 
istics as to make it possible to implement the 
.appropriate conditions of learning. 



HOW TO PREPARE AN AWI0-TOT0RJAL LESSON 
Step 1. 

. ^ Determine student needs and what is to be 
accomplished. List all of the objectives of >the 
lesson.. This is one of the most difficult and 
time- consuming of the several steps in preparing 
the instructional material. The instructor should 
list as carefully as possible each achievement 
which he expects the student to accomplish, keep- 



ing in mind 



the level or degree to which the stu- 



dents shoul 1 attain. Objectives should be mea- 
surable, in rerms of performance but they need, not 
always- he a physical demonstration. For example, 



the ability to read and (interpret a schematic 
diagram could be an objective that could be 
measured in terms of specific performance. It 
is not enough to state art objective such as 
to be icuntiJUoA mJJt r V. 

Step 2 • \ 

Material to be presented should be put in 
. logical corder and studied jas to the\best way 
. the student can learn the 'points to be taught. 
It is at this point that all availablex media 
are listed which might be useful in accomplish- 
ing the established objectives. , The use\of 
\ media refers to every item that might be Used 
in the class or laboratory and includes: mate- 
rial to be read from a textbook or periodical, 
problems to solve, films to be viewed, exper- 
iments to complete, a guest speaker, an audio' 
tape, and 1 the many other items that might be 
useful. 

Step 3 

Select the best method or methods to 
accomplish objectives. If the audio-tutorial 
method is selected, what additional tutorial 
materials will be necessary to supplement the 
audio tape. It may be necessary t& refer 
* to a piece of equipment, a diagram, a slide 
graph, a closed-loop film, etc. 

Step 4 

List the ,lesson material in proper se-- 
quence. ' For-.example, if it is to be a slide- 
tape sequence, make simple sketches on 4 x (r 

index cards "of wnat* is to be included in each 

\ • * 

slide. This metho'd allows for easy* rearrange- 
ment if necessary. \^ 

Step 5 \ - 

Make a rough draft tape. There are sever- 
al ways that the first tape can be made and • 
the method that is best has to be determined 
by each m instructor. The following are some 
of the different methods that have been suc- 
cessful . * / 
a. One_ technique/ is to make the tape 
from a rough written outline. With 
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' ta/e 



practice, this method works quite well 
but is not the one for* the beginner. 
A second technique is to have a student 
helper do each item and -the instrdfctor 
record the tape as he directs the activ- 
ities of the student through the entire 
lesson. This method tends to add natu- 
ralness to the material which causes 
each student to feel the instructor was 
talking directly to him. The questions j 
that the student will ask can be. very 
useful in determining what points need 
to be elaborated, 1 that are obscure or 
incomplete and what items can be reduced 
or eliminated. This method works quite 
well and has the advantage of immediate 



• -^feedback* 
c- A third^Bchnique""is^to make the" 
—■^ Jfrom a complete written script. This 

i 

technique may produce the smoothest 
tape but at the. same time it can be 
.extremely dull. One thing that you can 
/not do is record a lecture. Also, to 
prepare a completely written script re- 

y quires a lot of tijne in preparation. 

1 

6 1 

1 Have the audio- tape, transcribed and edited 

critically. Ideally, the rough- tape should be 
I • ^ i 

revised 'before being given to the students out 

this is not always possible. This sitep; gives 
the instructor an opportunity to make sure the 
words he uses express precisely the resLon objec- 
tives. A technique which works quiteUell in/ 
this step is to have some students use\|the ma^te- 
ri,al early and then provide feedback arid al^o 
help other students with points that were not 
clear or left out. If time permits, they tape 

could be revised before the rest of the* students 

V 

use the material or at least before it i£ l used 
the second time. 

Step 7 \ | ' * 

' Make the final tape. The best way is prob- 
ably to make the final tape from a manuscript 
which has been edited and typed. The jtnstructor 



should use a normal informal conversational voice 
just as if you were talking directly to the stu- 
dentin your office. Don't use a recording made 
by someone else because your voice identity is 
(quite important. It may be, helpful to have 
a student as an audience during the final 
taping of the lesson. A little background music 
may be used but may put the student to sleep 
if the material is dull. 

A reel recorder is preferred for making 
the maste^tape. Cassette machines tend to 
coast when they are stopped and produce a 
disturbing sounch while the reel type provides 
instant, stop. Also, a reel can be cut, spliced, 
and edited much easier than a cassette car- 
tridge. Generally the quality is b'etter with 
the reel type. ."Many machines for duplicating 
tapes use a reel for the master. . ' 

Qn the other hand, the cassette type f is 
better for student use than reel type. For one 
thing, they are smaller and easier to store 
and handle than reels. The cassette machines 
are generally easier to operate and the 
cassette tape can be removed at any point with- 
out having to be rewound. Many schools are 
buying cassette players (only play back, do 
not record) for students to take home. The * 
technique of using players instead of records^ 
reduces the cost and also helps to remove the 
possibility of erasing the tape. 

St&p 8 

Implement the lesson, monitor the feedback 
data, and make necessary modifications. Work ^ 
out an evaluation plan to determine if the 
^objectives have been accomplished anji pay 
attention to feedback data and make necessary 
improvements. Always ask for comments from 
your students so you can improve the effec- 
tiveness of the lesson. 

ADVANTAGES OF AUDIO -TUTORIAL 

a. Requires no special training, talent, 
or advanced preparation on the part 
of the instructor. The simplicity 
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of the method makes it relatively easy 
to x get started. 

b. Provides the opportunity to l^earn in a 
"variety of ways. Students cin pace 

their learning according to i[ieir own 
ability and can repeat the material as 
often as they choose to gain better 
understanding. 

c. The instructor no longei* needs to be the 
/ mediator of all learning and can devote 

y more attention to the individual needs 
of the student. 

d. forces the instructor to evaluate his 
procedures and to reconsider his objec- 
tives. This provides for a zore uniform 
and integrated presentation of tfce 
instructional material. 

e. A very inexpensive system that Is easily 
operated. Depending upon how elaborate 

*'the system, it can easily be applied for 

one- tenth the cost of closed-circuit 
. television. 

f. \More students can be accommodated witfh- 

out drastic expansion of facilities or 
faculty which will realize savings in , > 
expensive building costs, special equip- 
ment, materials and supplies, and in 
required staff time. 
,g./ It is a convenient instructional method 
for the instructor o*ho wants to make 
transition from the teaching tech- 
j niques of today to tI:»»so of tomorrow- - 
/ For example^ moving toward computer- 
/ assistedynstruction. 
/ h. The student' is an active participant. 

No' longer does he just have to sit and 
J listen to a lecture. He is required to 

f become involved during the learning 

activity. 

i. Above all, the students like this method. 
! They say they learn more quickly and 

' like the versatility that the method has 

to offer. 



/ the- 
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VmvmTAGES, OF AUDIO-TUTORIAL 

a. A fundamental problem with this type 
of instruction is the lack- of adapt- 
ion which will account for the dif- 
ference between fast and slow learners. 
Perhaps this problem can be corrected 
by having more than one Cape and having 
optional advanced work for the better 
students and remedial .tapes for the 
weaker students . 

b. Tapes can not be made from prior * 
lecture notes. The reason being that 
lectures usually are not planned to 
incorporate simultaneous direct ex- 
periences with study materials by 
-students during instruction. This 

} is one of the main advantages of 
audio-tutorial 

c. Audio-tape cannot be scanned in the 
same manner as written material. 
This is*a disadvantage when a student 
wants to review a certain section of 
the tape. To overcome this problem 
each topic can be indexed on a out- 
line sheet giving the approximate 
location on the tape where^this topic 
is discussed. Another method would 
be to use a wrj tten. outline which 
would indicate approximately the 
position of the, tape. 

d. Units of instruction must\be well 
programmed so that everything will 
be covered. This requires a se- 
quencing and integration of learnN 
ing experiences which require clear^ 
ly stated objectives for student 
achievement. This is the most lack- 
ing element in unsuccessful audio- 
tutorial instruction. Requires much 
more planning than traditional 
lectures. 

e. Requires continuous monitoring of 
student feedback. Material must be 
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continuously modified and updated. This 
is not any more of a disadvantage than 
any other method of instruction. What 
teaching method does not require modi- 
fication and updating, 
f . It is very difficult to anticipate 
" trouble -spots in the lesson. As pre- 
viously discussed, using advanced .student 
feedback can help to overcome some of 
the problem areas. 

APPLICATIONS OF AUVlO-TtlTORlAL 

a. Audio»tutorial methods of instruction 
can be applied to almost any area of 
instruction in the classroom or labora- 
tory. The following are some ways that 
A-T might be used. Some examples with 
suggested script- and supporting material 
appear later, in this chapter. 

b. A very simple and useful technique is to 
use an audio- tutorial presentation for 
laboratory vT orientation at the beginning 
of the semester or quarter. One tech- 
nique is to have audio- tapes at several 
locations in the laboratory with short 
presentations of a few minutes. Each 
student would then work around to all 

of the stations for the" orientation. 
Another technique is to have a labora- 
tory and even an overview of what will 
be covered in the course. 

c. Audio- tutorial methods can produce sev- 
x eral basic changes in the experimental 

format of the traditional laboratory. 
It is possible to completely eliminate 
lab groups and concentrate on individual 
instruction with individual student par- 
ticipation in each of the experiments: 
Expenments^are designed as audio-tu- 
torial experiments which can be applied 
to almost all experiments that are nor- 
mally covered in a two-year program. The 
student receives instructions, sugges- 
tions, information, etc. from audio- tape 



and/or written material and conducts 
the experiment returning to the audio- 
tutorial material when necessary. 
This method works best with an open- 
lab in which the student is free to 
do the work when he is free. More 
students can use the same laboratory 
with this method. To be successful 
with this approach, a qualified staff 
member must be available at all;times 
to assist the students. This technique 
allows for more personal attention *for 
the student in the laboratory. Also, 
it provides for a more uniform pre- 
sentation of the laboratory material, 
d. Other good places that audio-tutorial 
might be used would be for such, things, 
as drill, introduction of new material, 
review of material, problem solving, 
circuit analysis, familiarization with 
instruments, explanation of concepts, 
etc. These and many more applications 
, of audio-tutorial methods can be made 
^ in the electronics program. 

WHERE* IS AUDIO-TUTORIAL BEING USEV? 

Methods of audio-tutorial instruction are 
being used throughout the United States but 
very little effort has been applied to elect- 
ronics technology. The following is a list 
of schools that I know are workirfg with audio- 
tutorial instructions in electronics: 

School of Electrical Engineering, 
Oklahoma State University 

School of Electrical Engineering, 
Purdue University 

Department of Electrical Technology, 
Purdue University 

Washtenaw Community College, 
Ypsilanti, Michigan 

Oakland Community College, 
Warren, Michigan 
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William Rainey Harper College, 
Palatine, Illinois 

* Illinois Central College, 
Peoria, Illinois ' 

Triton .College, 

River Grove, Illinois ' 

Kansas State College, 
Pittsburg, Kansas 

*■ ' * 
Lenore Community College, " v 

\ Kingston, North Carolina 

Bradley University, 
Peoria, Illinois 

Southern State College, 
Springfield, South Dakota 

/• 

PREPARING SUVES FOR AUPI0-TUT0RIAL 

After the lesson material* has been arranged 
in proper sequence and rough sketches have been 
made,, the next step is to prepare these, sketches 
to-be photographed. A technique that I have 
found to be most satisfactory is to draw the 
necessary diagrams on^4x6' cards so that they can 
be easily, rearranged if ' necessary or used at 
some other opportunity. TJiese cards may be in 
various colors that will give a pleasant back- 
ground when using color film. I would recommend 
that color film always be used although studies 
have tended to show that color does not increase 
learning. 

In making the drawings, a pencil can be 
used in various cdlors or colored marking pens . 
The felt- tip pens work quite well. Also, the 
dry transfer lettering kits, also known as press- 
on, rub-on, work quite well. The letters are 
made .up of carbon and wax and arc printed on a 
plastic, acetate or polyethylene carrier sheet 
and can be transferred to virtually any dry sur- 
face such as paper, wood, metal, or glass by 
rubbing on the letter with a dull pencil or ball 
point pen. They are available in black, white 
and a variety of colors. Various sizes and sym- 
bols are available. Sets are available for all 
standard component symbols like resistors, capaci- 



tors, transistors, transformers, and standard 
component identification letters such as R, L, 
C, CR, TP, etc., used in marking electronic 
panels, chassis, printed circuit and terminal 
boards. Also available are dial patterns, lines, 
arrows, arcs, switch symbols, potentiometers. 
For more information contact: 

The Datak' Corporation 
Guttenberg, New Jersey 

^ Visual Art Industries 

Brooklyn, New York 

Visual Products Division 

3 N. Center 

St. Paul, Minnesota 

Besides using transfer letters to produce 
slides, they are also very useful for meter 
scales, control panels, equipment labeling, 
etc . 

Technique of placing transfer symbol: 

1. Draw a light line on the surface to 
which lettering is to be made. Or 
if the drawing is on a transparent 
material, a guide line under the 
surface may be used. 

2. Line up and rub a finger over letter 
. to form a con-tact. 

3. Burnish the letter on with a burnish- 
ing tool, pen or pencil. Once in 
place, they cannot be relocated. 

4. Pull or lift the carrier sheet away. 

5. To make corrections, pressure- 
sensitive tape such as scotch or 
marking tape can be used to-remove 
unwanted letters by' lightly pressing 
the adhesive side qf the tape to the 
letter and careful ly v peeling it off 
the artwork. Also, a dry transfer 
letter eraser, razor blade, or 
rubber cement eraser may be used. 

Now, we are ready to take the slide. There 
are a wide variety of cameras, lenses, extension 
tubes, bellows extensions, copying stands, etc. 
that are available. To help you select the 
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necessary equipment, contact your local photo- 
graphic dealer for assistance. 

4 The most popular si2e for slide presenta- 
tions is the' standard 2x2 inch slide. For this 
purpose, a good 35 mm single- lens reflex camera 
wiil do the job. Most 35 mm cameras can " being.' 
fitted with extension tubes or bellows, or 
equipped with similar means of focusing at the 
short distance required. , 

For the instructor that does not want tv. ■ 
invest a lot of money in photography equipment, 
the solution* might be the Kodak Ektagraphic 
visualmaker .kit. The visualmaker is housed in 
a compact attache case, and contains a Kodak 
Ihstamatic 304 camera, two sizes of copy stands, 
film and flashcubes, plus a complete set of 
instructions. Each copy stand has its own 
built-in, prefocused supplementary lens and a 
reflector that provides the exact amount of 
lights from the flashcube. _ 

The larger of the copy stands, photographs 
an area up to 8x8 inches and the smaller stand 
an area up to 3x3 inches . A picture of the 
Visualmaker with the 8x8 copy stand is shown. 

With the Visualmaker all that ypir^do to make 

< J* 

a 2x2 slide or print in black and white or color, 
is to drop in the film cartridge, attach the 
camera to the appropriate stand, place the unit 
over your material, attach a flashcube on the 
camera, and shoot. Wow you can make tjouA own 
iop-quaZity viAualb, and you don't have, to be a 
photognapheA zithoAl 

With the Kodak Visualmaker you can have an 
unlimited selection of color visual materials 
without fussing with focus, exposure, or framing. 
You can photograph directly from books, sche- 
matics, instruments, or from small three-dimen- 
sional objects such as resistors, inductors, etc. 
The Instamatic camera can be used on or off the 
copying- stand which allows an additional advan- 
tage of being able to use the camera for any 
occasion. 

« 

The Visualmaker will give you moderate close- 
ups and can solve your problem of not being a 
professional by enabling you to produce slides 



tailor-raade to your requirements. A complete, 
visual kit that ho eat>y and looljpKooi to uAe 
tiiat any etecXAoytj,a> in&tAiiQJtoK can make bti 
own *tidet>. The Kodak Ektagraphic Visualmaker 
kit costs a little over $100. For more 
information, see your Kodak dealer. 




Kodak Ektagraphic Visualmaker 

A WOOVEN CQPVIUG STAMP 

Also, for the instructor that is short 
on funds, considerable money can be saved by 
building a copy stand rather than buying one. 
A simple wooden copying stand that can be 
built for less* than $10 appears in the 
appendix . 
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LEARNER-CONTROLLED LABORATORY 



The Purdue University Department of Elect- 
rical Technology is responsible for the two-year 
Associate Degree program for Technicians , Bach- 
elor of Science Degree program for Technologists, 
continuing education courses, and technical ex- 
tension c % ourse?s.f r The Associate Degree and Bach- 
elor of Science Degree programs are accredited 
by the Engineering Counsel for Professional De- 
ve 1 opmeri tv^ECP D) '. 

The Learner-Controlled Laboratory is a title 
used to identify Electrical and Electronic Tech- 
nology Laboratories that v use the AUTO-TUTORIAL 
teaching method. This is an adaptation of the* 
auto-tutorial teaching method that has been used 
successfully at Purdue University in Biology, 
Botany, Veterinary Medicine and other fields. 
This self-teaching method, which emphasizes in- 
dividual study, is made possible by the develop- 
ment of low-cost audio visual equipment. Schools 
can now afford to supply each student with audio 
visual instructional equipment and materials in 
addition to textbooks . The method has been used 
successfully in complete courses that include 
classroom and laboratory sessions ✓ This expla- 
nation, however, is for laboratory courses that 
support the classroom activities. 

The success of the Learner-Controlled Lab- 
oratory is based on the actual operation of the 
audio visual instructional equipment by the stu- 
dent, not the instructor. The student operates 
the tape player and slide projector during the 
.performance of, experiments in the laboratory. 
The purpose of the use of multiple instructional 
media is to provide the student with the oppor- 
tunity for self- teaching and experimentation. 
The audio tapes and colored slides provide co- 
ordinated explanations and photographs of the 
actual circuits and. equipment. This exposure to 
audio and visual material in addition to the 



written explanations provides a greater depth of 
understanding and shortens the time requireito 
attain the required performance level. The 
ever- increasing quantity of basic material that 
the student is required to master forces the 
instructor to obtain assistance from all sources. 
If the majority of students are to attain a 
satisfactory achievement level in the limited 
time that is available, the instructional mate- 
rials must be available at the moment the need 
occurs. It is impossible for the laboratory 
instructor to provide this assistance for all 
students in the conventional laboratory. 

The general procedure for the use of the 
auto-tutorial method in the LEARNER- CONTROL LED 
LABORATORY starts with the reading of the con- 
cise discussions of the theory in the laboratory 

at ' 

textbooks. In addition to the written expla- 
nation, audio tapes are available that provide 
the student with a briefing on the experiment- 
al procedures. The student uses headphones 
that plug into a tape player and watches color- 
ed slides that are co-ordinated with the audio 
tape. Students are able to control the audio, 
tapes and slides which provide them with the 
opportunity to repeat parts of the briefings 
that are Causing difficulty. Although it is 
possible to listen to the experimental tape 
and watch all the slides at the beginning of 
the experiment, it is recommended that the stu- 
dent obtain the briefing on a single part, 
then perform that part. At the completion of 
a part of the experiment, the student should 
listen to the audio tape and observe the slides 
for the second part of the experiment , then 
complete the experimental procedure. The oppor- 
tunity to ~ead the explanations in the lab- 
oratory textbook, listen to the briefings on 
the audio tapes, observe the color slides 



♦Gilbert L. Rainey, Head, Department of Electrical Technology, Purdue University. Delivered at 
National Electronics Conference, February 26, 1970, Champaign, Illinois. 
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that support the audio tapes, and perform <the 
actual experiments provides the students with an 
increased opportunity to complete the objectives 
of each experiment. The addition of supporting 
instructional materials assists the student to 
obtain a better understanding of the basic prin- 
ciples, decreases the amount of time required 
for the completion of each experiment, and devel- 
ops attitudes that lead to self-study and ex- 
perimentation* 

The student has complete control of the 
instructional materials and may view the slides 
and iisten to the tapes as many times as neces- 
sary to obtain the required 'information. Almost 
ALL students require repetition of the explana- 
tion of at least a few topics during the study 
of electricity and electronics. Students with 
limited background are EXPECTED to require re- 
petition before they acquire an understanding of 
many of the difficult principles. The auto- 
tutorial method is -particularly useful for the 
serious student with limited technical background 
and it is not unusual for these students to 
listen to the explanations of difficult material 
many Jtimes - , 

The instructor plays a different role in 
the Learner-Controlled "Laboratory. Students 
obtain the basic instructions from the audio tapes 
, and slides, which leaves the instructor free to 
work with the students on real problems rather 
than assisting with the wiring of circuits, step- 
by-step explanations, explanations of instrument 
operational^ procedures, and " trouble-shooting. 
.Students in today's society need personal atten- 
tion and an exchange of information on a one-to- 
one basis. The instructor in the Learner-Con- 
trolled Laboratory has this opportunity to know * 
the students. In fact, this is the first 
priority assignment of the members of the in- 
structional team. The methods used for student 
contacts are actually planned by the instruction- 
al team. Placing name cards on the work bench 
is one method used by the team to make certain 
that each student is addressed on a first-name 
basis., A record form is used by the instruction- 



al team to make certain that- the planned stu- 
dent contacts are actually made in the labora- 
tory. \ 

The addition of the self-teaching in- 
structional aids resulted in the development 
of the OPEN LABORATORY. Students are free to 
schedule work periods in the open laboratory 
at any time during the day. The control of 
the instructional materials, freedom to sched- 
ule time, in the laboratory, and tl)e removal 
of time deadlines for the performance of ex- 
periments change the attitudes of the students 
toward the laboratory course. This^change in 
the operation of the laboratory creates a 
LEARNING CENTER that is an extremely ^important 
part of the technicians' and technologists 5 
educational program which is oriented^ toward 
applications. \ 

The student can adjust the laboratory work 
schedule to compensate for peak study situa- 
tions in .other courses and obtain additional 
laboratory experience beyond the requirements 
of the course. * 

The students perform a follow-up exam- 
ination that~i s giv en immediately-after theT— — 
completion of the experiment. These exam- 
inations are usually about five or ten ques- 
tions in length and are of the multiple-choice 
type to provide an .easy method of grading. 
The test is graded by the laboratory instruct- 
or as soon. as the experiment is completed and 
the results are given to the student. These 
tests are in the development stage at this , 
time* and may include performance exams in the 
future . \ 

At scheduled time intervals, members of 
the instructional team meet with small groups \ 
of students. The meeting is planned by the \ 
instructional team during their weekly orien- \ 
tation meeting. The meeting is conducted on 
an informal basis and includes discussions, 
oral examinations, briefings on new experiments 
oral reports by students and grading of the 
laboratory logbooks. Every attempt is made 
to determine the progress and to uncover the 

^ \r~- r 
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hidden and sometimes small problems that create 
mentalb locks or "hang-ups". 

The learner-control led .laboratory that uses 
an open laboratory may be operated with a large 
number of students or a small number of students. 
A large number of students may be scheduled in a 
single laboratory throughout the week,. If the 
student body is not large, several different^ lab- 
oratory classes can be scheduled in the same lab- 
oratory. Since instructional materials are 
available for self-instruction, the laboratory 
supervisor can provide the required assistance 
for a wide variety 6f>experiments simultaneously. 
This unexpected "fall out" has made it possible 
to. economical ly conduct courses with limited en- 
rollment in the same laboratory at the same time. 

Slides and tapes are already prepared for 
.introductory courses in Electrical and Electronic 
Technology at Purdue University. The auto- tu- 
torial method has great potential, but will re- 
quire additional vigorous development work. The 
method requires carefully prepared laboratory 
textbooks, not brief manuals, that are co-ordinat- 
ed with the slides and audio tapes. Laboratory 
_ tjixtbooks wj th co-ordi nated _s lid_es_and tapes, are . 
already available for tj/C Elt&OUCsUy, A/C E£ee- 
XjUcaMj, and EltvOwnic VtviceA. Additional auto- 
tutorial instructional materials will soon be 
available to assist with the implementation of 
this dynamic teaching method. 

This entire project was conducted tniXixouZ 
an allocation of special funds or a grant from 
an outside agency. The audio tapes were all 
made on a small portable tape recorder, 
and the slides were taken with the author's 
camera in abasement workshop. Copies of ,the 
slides for use in the Purdue Laboratories, tape 
players, and slide projectors were obtained from 
funds in the department supply and expense budget. 
Since th£t time, the amount of equipment and 
copies of the 'instructional materials has been 
increased in order to use the method in adult 
Technical Extension short courses conducted for 
the Electrical Power Utility Industry. 

The amount of time necessary to develop the 



materials to operate an entire laboratory course 
by the auto-tutorial method was far greater than 
anticipated. Fortunately the laboratory text- 
books were already* available either in publish- 
ed or temporary form for the Purdue Technology 
Program. We prepared materials and operated 
on a day-to-day basis which proved to be both 
discouraging and frustrating. This total 
commitment was an application* of the "brute- 
force" method and it certainly is not rec- 
ommended. In our situation, it was the only 
method sincere did not have funds to hire 
personnel to work on x the project. 

Three possible procedures to start the 
Learner-Controlled Laboratory using the auto- 
tutorial teaching methods are: 

1. Develop the tapes and s.lides for a 
selected experiment each semester, 
then gradually make the conversion. 

2. Use one set of existing slides and 
tapes to brief the students at the 
beginning of the laboratory. Some 
studenjs could also use the materials 
during the laboratory session. 

3. — Use-the existing-auto-tutorial. — 

materials and follow the procedures 
already developed. 

The Department of Electrical Technology 
will provide as much assistance as possible to" 
schools interested in the development of this 
teaching method. A visit with the instruction- 
al team should provide a better explanation of 
the procedures. The following film is rec- 
ommended to explain the philosophy of the autq- 
tutorial teaching method: 

"The Auto- tutorial System" by Dr. Samuel 
N. Postlethwait. 

This film may be obtained through the 
Audio Visual Center of Purdue University, 
Lafayette, Indiana 47907 . 
I 



FUNCTION GENERATOR AND OSCILLOSCOPE (A-t PRESENTATION) 



TOPIC: First use of the oscilloscop£ r and 
function generator. 

ESTIMATED TIME TO COMPLETE THIS IESS0U: 45 to 
60 minutes. » 

MATERIALS NEEDED: Tektronix Type-561 oscillo- 
scope with 3A75 vertical amplifier and 
2B$I time-base, a Wavetek model-110 function 
generator, one BNC to banana jack converter, 
two banana-to-banana cords, and outline 
sheet. 

PREREQUISITES: None. 

OBJECTIVE: To introduce the student to the 
basic operation of the 'oscilloscope and 
funct ion . generator , 

NOTES TO THE IUSTRUCTOR: This lesson is set up 
with this equipment but can be modified * 
to meet your needs. This audio-tutorial 
lesson could be done the first day in the 
introductory class or at- least very .early 
in the curriculum. This introduction is 
not inclusive an d requ ires additional ex- 



perimentation for more advanced capabilities 
of the oscilloscope. Slides as well as a 
printed outline could be used. 

SAMPUE SCRIPT: This experience . is an introduc- 
tion to the most basic use of an oscillo- 
scope and a function generator. Feel free 
at any time to stop the tape or repeat any 
parts as needed. The Cathode Ray Oscillo- 

•* scope or as it is called in industry, Scope, 
is one of the most valuable tools that an 
electronics technician has in his possess- 
ion. The field of electronics is a blind 
science in that we cannot see physically 
what is happening in the circuits that we 
stuay. The scope is the technician's eyes 
and when properly used will reveal what is 
going on within any electronic circuit. 

The scope that you will be using is 
the Tej^ronix Type-561 scope. This scope 
uses plug-in units for both the vertical and 



N 



horizontal deflection systems. These 
plug-in units can be replaced with 
different~uirits~that can extend the 
capacity of the scope. For this -lesson, 
you should be using a Type-3A75 amplifier. 
This is the vertical amplifier and is 
1 located below the screen. Check and see 
if this is the one in your scope. If not, 
obtain one from your instructor and re- 
move the one that is already thereby* 
loosening the knob at the bottom and 
pull the unit out and replace with the 
correct amplifier. 

For the horizontal amplifier, which is N 
located To the right of the vertical 
amplifier, you should be using a Type-2B67 
time-base unit.;* 

The other piece of equipment that you 

will be using in this experiment is the 

Wavetek 110 function generator. Function 

gene rat o rs _are„us_ed_th r oughou XJt h e_el ec - 

« 

tronic industry to provide external input 

to electronic circuits and systems. The 

Model 110 serves* as a source- of AC voltage, 

which may be" set for sine/ or triangle 

waveform output. The output waveform in 

addition to being atjle to produce ^different 

waveforms can also vary in frequency and 
t 

amplitude. Some of these terms may be 
new to you, but do not be alarmed. As 
you progress through this laboratory study, 
each of these terms will be explained. 

The first step in learning to use any 
instrument is to familiarize yourself with 
the function of the controls that you will 
use. For this introduction, some of the 
controls will be identified and will have 
a brief description. Some of the controls 
will not be identified but will he ex- 
plained later in the course. 

Each instrument has an on/off switch 



24C 



which can be readily found. Locate the 

on7off switch on the function generator and 

scope. These are numbered 1 on the out" ' 

line sheet. Make certain that both of these 

switches are in the off position. 

Connect the output of the function 

generator to the input of the vertical 

amplifier. These are labeled number 2 on 

your outline. • This will require what is 

called- a' BNC to banana jack converter to 

.connect to the scope. . 

Place v all other controls' as follows: 

Function generator; frequency set to 

X100 Hertz or sometimes called cycles »per 

•second (number. 3 on your outline), the 

■y v ^> *v 
main dial in the center to number 6 on *> 

l „ • y 

the outline) Attenuation control .to a 
vertical 12 o'clock position (number 4 
on the outline), function selector to sine 
wave which is the middle waveform (number 
5 on the outline) . 

Now we are ready to set up the scope. 
First, let's set up what is called the 
; main frame. The main frame is the part of 
the scope that remains after the plug- ins 



are removed. Focus, number 7, to a 12 
o ''clock position, calibrator control, 
number^, is not used for this ""experiment, 
scale illumination, number 10, completely 
elbekwise. 

Next, the vertical amplifier section. 
The position control, number 11, to a 
«12 o', clock position, the volts per division 
control, the outer knob, number 12 on the 
outline, should be set to two, the variable 
'control clockwise to calibrated, number 13 
on the outline, -and the AC, DC, GRd control, 
number 14, to the DC position. 

Now, the horizontal amplifier. The 
position control, number 15, to 12 o'clock, 
Time per division (outer Knob) number 16, 
to .2 milliseconds, (mi Hi meaning 1/1000)/ 
the variable control to calibrated, complete- 
ly clockwise and number 17 on the outline, 
level control, number 18, to zero, scope 



coupling,- source, number 19, all to thfe 
upper position, and the mode switch, number 
20,. -to normal. \ 

When you have all switches in the \ 
positions indicated, and the proper connect 
tion has been made between the function 
generator and the oscilloscope, you are . 
xeady to make your first observation. 

Place both on/off switches to the oh 
position and both pilot lights, should 
glow. , If ihey do not, check to ~r r^jdF* 
they are plugged in and have power avail- 
able to the bench. If this doesn't correct 
the situation, call your instructor. After 
fallowing the instruments to warm up for 
30 -bO" seconds , a visual display should 
appear on the CRT screen. What you .should 
be seeing is one cycle of a sinusoidal' 
signal produced by the fuhTtiW^enefa^or 
and viewed on the cathode-ray. oscilloscope. 
The waveform is shown in figure two. If 
you don't have this waveform, recheck 
your, set-up. At last resort, call on 
your instructor for assistance. 

The position controls are the first 
controls that you will investigate. The 
waveform "may not be displayed in the 
center of the graticule. Graticule refers 
to the etched illuminated lines ori the 
CRT screen. In order to center the dis- _ 
play, rotate the two controls one at a 
time to observe the effect on the display 
and to center the waveform trace. 

In the event the trace on the screen 
appears very dark, advance the intensity 
control until the display has a pleasing 
brilliance. If the trace appears to* have 
adequate brilliance, rotate the intensity 
control a few degrees either way and 
observe the of feet. Too much brilliance 
can burn the screen, so be careful. 

It is possible that the trace may 
not appear as a finely traced line. Ro- 
tate the focus control a few degrees. 
. Observe the effect and see if you can 
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improve the focus of the trace. You should 
'now have a trace that is in focus and has 
the proper brilliance. 

The next step is a simple one, rotate 
the scale illumination control counterclock- 
wise and note the reduction in brilliance 
of the etched lines. The lighted gruticule 
is used to aid in making measurements and 
also for making oscilloscope photographs. 

The oscilloscope is basically an in- 
strument that plots a graph of amplitude 
versus time; This graph can be used to 
measure voltage amplitude, frequency, time 
shift,, and many other items of interest to 
the electronics technician. Your oscillo- 
scope is set up to display amplitude *>an 
the vertical axis and time on the horizontal 
axis*. This is illustrated in Figure 2,. 

The oscilloscope can be used to measure 
amplitude. You will note that the volt/ 
division control is set at 2. This* means 
that for each division of the graticule 1 
we will have 2 volts of amplitude. Count' 
the number of divisions on a vertical line 
from the lowest part of the waveform to 
the highest part. Each division is 2 volts 
so the amplitude should be around 12 volts, 
6 small divisions in height. This is what 
is commonly called peak-to-peak voltage. 

Change the setting of the attenuator 
and note the change in amplitude. SeTTKe 
output voltage to 18 volts. This should 
be 9 small divisions or 9 centimeters. To 
help in counting the divisions, you may 
want to change the vertical or horizontal 
controls. Note that this only changes the 
position of the waveform. 

Change the volts* per division control 
to 5. How does this affect the' waveform? 
What is the amplitude of the waveform now? 
You will ndte that thej^aveform^has not 
changed in length but its height has been 
reduced. The voltage amplitude now will 
be 5 times the number of divisions. At 
this point, you should be able to measure 



the amplitude* of a waveform; Repeat this 
part until you are sure that you under- ^ 
stfend how to measure amplitude. 

Now,. let's direct our attention to ; 
the other parameter, time, that the scope 
measures. We are generally not so much 
interested in t time as we are in frequency. 
Frequency is the number of times that a 
waveform repeats its self per second. 
The unit of frequency is the Hertz or 
cycle per second. There is a relation- 
ship between frequency and tftne.- Fre- 
quency is equal to the inverse of time.. 

Like amplitude, time is also measured 
by counting the divisions and multiplying 
by £he setting of the time per division 
control. How much/time is required for 
one cycle of this^ waveform? The number 
of divisions that you should have counted 
is 10. The time then *is 10 times 2 milli- 
seconds or 20 milliseconds.' Convert this 
to frequency. When converted to frequency , 
we would divide 2- thousandths of a" second 
into 1 which would give 500 Hertz. . 

Move the main dial on the function 
« \ 

generator from 5 to 100. What is the 

/ * 
result? /What is the frequency now? There 
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are now^ two "cycles displayed on the screen 
and the frequency is now 100 Hertz. There 
are now two'cycles, each 1 millisecond in 
time. What would be the frequency if\ v 



/ 
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there we,re 4 cycles instead of 1? The\ 
value ot, course would be~*2000 Hertz. 

Set jthe frequency back to 1000 Hertz. 
Twc cycles should be displayed on the 
screen. J Turn the time per division control 
to .1 millisecond, per division. What, is 
the result? j^nce again one cycle is dis- . 
played on the screen. The time of one 
cycle can be readily read now as .1 milli- 
second times 10 divisions which is 1 milli- 
second or-1000 Hertz. 

In order to convince yourself that 
the horizontal amplifier actual lyNtr aces 
with respect to real time, place the 




time per division control to 5 sec per 
di sion and main dial of the function 
generator set to 10. Now, use your watch 
as a st'op watch and time the trace as it 
races across the screen from left to right. 
You should discover that it takes 50 sec. 
for the trace to travel across the screen.- 

You should now be familiar with fre- 
quency and time and have the ability to ; 
measure frequency and amplitude of any 
waveform. 

• For the remainder o£ the laboratory 
session make as many observations as you 
can.* See if you can measure frequency and 
amplitude of a triangle waveform or a 
square wave. Change the settings on the 
function generator, varying both amplitude 
and\f requency . Practice measuring fre- 
quency, time/ and amplitude on your scope 
at various settings.. As the end result,* 
you should be able to set the function 
generator^ at any position and be able to 
set up the\scope to measure both the am- 
plitude and time or a sine, square, or 
triangfe wave., 

i ■ 
"If. you have problems, meditatje; if 

this doesn't help, get help" from your in- 
structor. 
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THE CURVE TRACER (A-T' PRESENTATION) 



TOPIC: Testing a transistor of known character- 
* istics on the Tektronix Type-575 Transistor 

Curve Tracer. 
ESTIMATED TIME TO COMPLETE THIS LESSON: 20 to 

30 minutes. - ' * 

MATERIALS UEEVEV: Curve Tracer. 
PREREQUISITES: None - j 
OBJECTIVE: To set up the 576 Curve Tracer to 

obtain a correct display of a- family of 
j curves for a 2N404 transistor. 

♦ 

FLOW CHART OF Th'C LESSOR: 

SpzcAJodL hi&t/iupUotU> 

hvt/ioducXion to Cuavz Tmlcqa 

i 

FKont-Panti Layout 

* 

GeneAad PnoczduJit Foi 
ContAoi Svtup 



* Testing Tno. tr TK<m&<iAto>i 

NOTES TO THE. INSTRUCTOR: The> first part of the 
audio tape should be instructions for the 
j>£udent. For example, the student should 
be informed of the objective of the" lesson 
and the length of time expected for him 
to complete the setup. He should be told 
to stop the tape at any time and go back 
and review any part that he does not under- 
stand. Also, the audio signal to advance 
to the next slide should be indicated. 

/ This lesson is only an introduction and 
should be followed by additional practice 
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and instruction. This type of lesson 
would be very good to use in the INTRO 
• course. 

A piece of construction paper cut in 
the form of a small triangle can be used 



to focus attention to a particular section 
^of a slide.. The small triangle with a 
£iece of masking tape attached to the 

back so that it will stick to the curve* 

m if > 

tracer can point out the main idea being 
* presented. 




A SAMPLE SCRIPT WITH SUGGESTEV < SLIVES: 

Slida Tht ComplUa Cu/ive-T/iace/t 

The Type-575 Curve Tracer is an 
extremely versatile inst^rument that can 
' be v used to make several tests on a transistor 
Its. full utili}# can only be realized 
when the function of each of the front- 
panel controls -is understood. 

Slide *l -- VQAZicat AmpU^iQA 1 

The front-panel layout can be divided 
into five main blocks. These blocks con- 
tain the controls for the' VvUitaZ < 



' Ampli&ieA which controls the vertical dis- 
play. . . - 

Sliie #3 Horizontal Amplifier 

The ^HoKizontal knpli&ien. which controls 
the horizontal display'. 

Slide. *4 -.- Collector Sweep < 

The Collettox Sweep generator provides 
the sweep voltages that dxsiye the collector 
of the 'transistor under test. 

Stidz #5 — Stzp knplibivi 

y 

The Base (or Emitten.) Step Ampli&ie/L t , 
which develops current or voltage steps 
to drive the base or emitter — whichever 
is unbounded. 

Stcdej^ t- T/uiii4^6to/L Tea* Pa>ie£ 

And the T*rt)i4.t6£o* Tea* Pa>ie£ where the 
transistor* is inserted for testing. 

Slide s ^ 7 ~ Complete Cutve PiaceA ' * 

Now then, see if you can identify the 
five, main blocks of the front panel. 

Slide #& — A Display o£ Coviect Family 
of Curves (PUP) 
In displaying transistor curves we are 
concerned with two considerations : 

1. Properly displaying the curves we 
wish to interpret. 

2. Protect the transistor under test 
from damage* * 

We will use a 2N404 PNP transistor and 
you should have a .display like this when you 
have properly set the controls. 

SUde?-ty Blankr-Slide 



The general procedure for setting up 
the controls for a transistor of known char- 
acteristics is as follows: 

•> 

Slide #10 — Intensity Control 

Set the Intensity Control at mid-scale 
t£ prevent damage to the phosphor on the 
display. Turn on the power switch located 
in the lower right-hand corner and allow 
the trapx>r to warm up. 



Slide #11 --"'Comparison Switch - * 

Now. while the curve tracer is warming 
up, let's set up- the rest of the controls. 
.We will start^with the Test Panel. Set 
the comparison switch to the center posi- 
tion td pre'vent any voltage or current to 
tfye transistor socket. 

Slide #12 — Configuration Switch Commonr ^ 
Emitter 

The configuration switch can be s§t 
to either *a Coirmon-Base or Common-Emitter c 
position. Let's use the common-emitter 
position. * o 

Slide #13 — Red and' Blue Colon* 

When 'using\a..common-emitter configura- 
tion, those parts of the front-panel etched 
in blue refer to the Base voltages and cur- 
rents. And those parts in tied refer to the 
collector voltages and Currents. 

*SlLde #14 — Colt&gtor Szeep Block 

Next in the Collector Svteejjstilock, 
the peak volts, range and the peak volts 
are set for the peak voltage with which 
we wish to sweep the collector. Let's 
sweep the collector with 10 volts and the 
controls are set as follows: 

Slide #15 — Peak Volte 0-20 

Peak Volte Range 0-20 

Slide #16 — Peak Volte 10 
Peak Volte 10 



Slide #17 



Polarity (-) 
Polaritu PH? (-) 



Slide #18 — Dissipation Limiting Remittal 

The value of the dissipation limiting 
resistons depends on the maximum collector^ 
dissipation and the collector sweep volt- 
age. 'Hie limiting resistor must be set to 
the proper value to limit the collector dis- 
sipation to a safe value and thereby protect 
the transistor from excessive power dissipa- 
tion. 
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Slide #19 The AcXuat Reading rftom 
— — tiie Tian&iAton. Mo/iua£ 

To determine this value the transistor 
manual will tell the maximum ^colljsctor dis- 
sipation for 25°C ambient teniperajture, is 

120 milliwatt. \ I 

' ) 

Slide HO ~ Re&lt>toi Selection G^aph 

Looking at the ReAiAtoi Selection Graph 

obtain thfe~ 

i 

a 'collector 



on top of the curve-tTarcer to 
correct resistance value, for 



I 



dissipation of 120 milliwatt and a peak 
collector value of 10 volts, we find the 
value to be 200 ohms. 

Slide #21 - Dissipation Umitifya, Resistor 
Therefore the Dissipation lUmfsting' Re- 
Si6t0K is set at 200 ohms* 

Slide m — Base Step Generator fclock 

The remainder of the controls are set 
for the conditions under which wish to 
test the, transistor. Let's now i set up the 



controls in the Base Step GenzAaJoK Block. 

V 

Slide #23 — Repetitive Switch 

Set trhe display switch to RepzZitive 
so that we mgy view a continuous display. 

Slide-#24 ~ Steps/Family Control 

Next, set the Step* / Family control for 
the number of curves we wish to display. 
In this case, let's rse four steps. 

Slide HS ~ Polarity Switch I 

The Polarity Switch is set to (-) ' 
minus be cause 'the transistor under! test 
is a PNP. \ ■ 1 



Slide *U 



Step ] Second Svcitdi 



We have <i choice of 120 or JM0 



^teps 



' per second on; the Step* pzA Seccn d 6iectc/i. 
Let's' use 120 steps per second. 1 

SUde HI -- Step Selector t \ 

y The Step Selector is set for the current 
per step or voltage por step that we want to 
apply to the base. Ltt's use .005 ma, per 
stap. 

i 
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Slide #2S — SvUejs Resistor Switch 

Because we are applying current steps 
to the base by using the step selector in 
the current range, the Series Resistor is 
not needed and is not connected into- the 
circuit. However, if voltage steps had 
been applied, the series resistox should 
I be set at 22K af the beginning of the tes} 

Slide *29, — Vertical Control . 

Now we are ready for the VeAtical arid 
Horizontdl Amplifiers. The Vertical sensi- 
tivity is set by adjusting the CollecXpn. 
biilliamp pen Division switch. Let's use 

• N- / 

.5. Note that this is in the red arefa. 



J 

ea 

/ 

Likewise, the Horizontal sensitivity 



Slide f 30 Horizontal Control 



> no 

4'kewi 



for t/ie collector voltage is set bj ad- 
justing the Collector volXs pen. Viblsion 
switch, also in red. Let's use l.j 

Slije * 31 — Test Panel I 

'iNow-wcr~are ready to test the transistor. 
Pla;e the transistor in socket A/and place 
the Comparison Swi ih in the TKanslstoK A 
position. This connects the transistor in- 
to the test circuit. 



SUclv #32--- Screen with display 

Adjust the intensity and position con- 
trol s\^ so that a display is obtained near 
the upWr right comer of the^' screen for 
the 'PNPl An NPN would be ac/the lower left- 
hand corner. 



Slide *>33 



Whole Curve TraczA 



It maw be necessary at this time to ad- 



just the controls until a suitable display 
is obtained\on the screen./ To do this, ad- 
just each control 1 , one position at a time. 
You should at\ this time have a family of 
curves property displayed^ for the 2N404 
transistor. If you uo iitjt; (1) Recheck 
the set-upf (2)\ try another (3) call 

your instructorAfor assistance. *' 




LA PLACE TRANSFORMS (A-T PRESENTATION) 



TOPIC: Introduction to the LaPlace Transforma- 

^tiuir: 

ESTIMATEP TIME TO COMPLETE THIS LESSON: 30 to 

40 minutes. 
MATERIALS NEEDED: Outline sheet. 
OBJECTIVE: To illustrate the use of the LaPlace 

Transformation method in solving circuits 

containing R's, L f s and C ! s. 
PREREQUISITE: Ability to use logarithms, solve 

algebraic equations, and an introduction 

k 

to differentials and integrals. 

NOTES TO THE INSTRUCTOR: This lesson could be 
used to-introduce the topic of LaPlace 
Transforms and could be supplemented by » 
addition information and problems. 

FLOW CHART OF THE LESSON: 

I rvt/LO duvtion 

Vt^inJition o& Tmn^^onmcuUon 

Analogy o£ Loga/u£hmt> and 
LaPlace. TtuanbhotixMLtion 

* 

A Sample. LaPlace. 
Tnan&lom P/ioblem 

Re.vlepo and Summary 

SAMPLE SCRIPT: In a networ k i containing resistors 
only, the equations describing the behavior 
of the network are algebraic equations which 

.are_Jinde4)endent_^_tJifi^xci±ation waveforms. 

( A simple extension permits the application 
of these same methods to single-time-con- 
s'tant circuits. 

i \ When a network contains both inductors 
an\l capacitors the equations describing the 
behavior of the network are no longer simple 
algebraic equations but rather differential 
and integral terms. These differential 



equations describe the complete response of 
any circuit that contains L's and C ! s. 

The classical method of solution for ^ 
solving differential equations becomes in- 
creasingly difficult as the complexity of 
the network increases. To help with the 
problem of dealing with complex circuits 
that can have any waveform applied requires 
that we have a method that enables us to 
solve these differential equations on an 
algebra level. 

Mathematicians have developed such a 

i 

problem-solving tool which allows us to 
transform a differential equation to an 
algebraic equation that we know how to 
handle. This transform technique is 
commonly known as the LaPlace Transform 
and makes use of the "S" operator. 

The LaPlace Transform solution is 
an extremely straightforward useful^ tool 
that permits the solution of complex 
problems by using algebraic rules and- 
manipulations. This technique is the 
method by which a function is transformed 
from the time domain into what we call the 

plane. 

At this point you might be asking your- 
self, "What lt> a tAan&iomatLon?" The 
logarithm is an example of a transformation 
that we have used in the past. Rat her than 



just multiplying numbers together, we trans- 
form these numbers by taking their loga- 
rithms. These logarithms are added or 
subtracted iYi the case of division. The 
resulting sum of the logarithms 'has little 
meaning unless we perform an inverse trans- 
formation. To perform the inverse trans- 
formation, we find the antilogarithm which 
gives us the desired numerical result. If 
the problem of multiplying numbers is not 
convincing, consider evaluating 122 to the 
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.1238 power without logarithms. The use of 
the logarithm usually saves both time and 
work . » 

Figure number one on your outline sheet 
shows a flow chart of the operations in- 
volved solving a product or quotient problem 
with or without logarithms. 



Numbers 



Direct Multiplication 
or Division 



Solution 



Logarithms of 
Numbers 

Addition of 
Logarithms 

Anti logarithms 




Fig. 1 

The individual steps of using the loga- 
rithm transformation are first, find the 
logarithm of eaten separate number; second, 
add or subtract the numbers to obtain the 
sum of logarithms; third, take the anti loga- 
rithm to obtain the solution. 

Figure .number two illustrates how a prob- 
lem would have been solved that could be 
done with or without the LaPlace Transform 
method. 



start with an integro-differential equation 
and find the corresponding LaPlace Trans- N 
form. This' is usually done by using a \ 
table of transforms; second, the transform 
is manipulated algebraically with initial 
conditions which results in a revised 
transform; third, we perform an inverse 
LaPlace transformation to give us the 
solution. In this step, we can also 
generally use a table of transforms just 
as "we use the table of logarithms for 
taking the antilogarithms . * 

The. other method Of solving the equa- 
tion is by the classical techniques and 
it looks more direct and sometimes it is 
for simple problems. For complicated 
problems, however, it is advantageous to make 
use of logarithms. 

To illustrate the use of the LaPlace 
Transformation, let's take a look at a 
simple problem. Refer to problem number 
one on the outline. 



y , — vw- 



<2> 

^0 




cri: 



Integro-differential 
Equation 



^ureyraTe of Differ- 
entiate 



Solution 



Time Domain 



LaPlace Trans- 
form of Equation 



Algebraic 
Manipulation 



Inverse of 
Revised Trans- 
form 



Frequency Domain 



Fig. 2 

The steps in solving an equation by the 
LaPlace Transformation method are first, 



S has been open for a long time and is 
closed at t=0. 



e g = v u(t) Find (It) 



v = I A Zdt 

c c 00 



SOLUTION 



Eq. 1 -J 1 i&t + !U = v u(t) 
c -°° 



^ C S o b 



3 US) (It* R) -.J 



4 UbJ - S+l/RC 



, v -t/RC 



Let's run through the solution and take 
a look at the steps involved. The circuit 
is a series circuit and the switch has been 
open for a long time. This means then that 
no energy is stored in the capacitor. At 
time t equal zero, we close the switch which 
applies a unit step that has a magnitude of 
v. We are now ready to solve for i of t so 
we write Kirchhoff's voltage laV for a series 
network. This gives us equation 1. The 
next step is to look up the LaPlace Transform 
Of each of the terms in a table. This gives 
us equation 2. The term Q(0~), the charge 
on the capacitor before switching is equal 
to .zero because there was no energy stored 
in the circuit. Equation 2 then reduces to 
equation 3 by factoring out I(S). Clearing 
the left side to solve for I(S) gives us 
equation 4. Taking the inverse LaPlace 
Transform of both sides by using a table of 
LaPlace Transforms. This then gives us_the__ 



-soiriTiWlSfi'ich is a decaying exponential 
chat starts at a magnitude of v divided by 
R at t equal zero. 

Let's quickly review the steps that 
are necessary to solve a problem by the 
LaPlace Transform method. 

First, write the equation that describes 
the network. 

Second, take the LaPlace Transform of 
the equation using a table of LaPlace Trans- 
forms » 

Third, manipulate the revised transform 
equation to solve for the unknown. 

Fourth, look up the inverse LaPlace 



Transform in the table and obtain the 
solution. 

In -summary, the LaPlace Transformation 
method for solving differential equations 
offers advantages over- the cl as sicaL^ methods* 
First, the solution of differential equa- 
tions is routine and progresses system- 
atically and is an algebraic equation. 
Second, this method using the "S" operator 
gives the total solution in which initial 
conditions are automatically specified. 
Third, this method allows us to solve 
a complex network with any kind of driving 
function. These and many more advantages 
can be seen as you become more familiar 
with LaPlace Transforms. 

- BIBLIOGRAPHY 

Balabanian, Norman. TundamzntaU oi Clncuit 
Thzony. m Allyn and Bacon, 1964. 

Spiegel, Murray. Schaum's Outline Series: 
Thzoiy and Ptiobtwb oh laPia.cz Tnan6&onm!>. 
Schaum Publish Company, 1965. 

Strum, Robert D., and Ward, John K. LaPiact 
Tna>u>lonm Solution oi V^CAzntiai Equation*: 
A PKOQKamrted Text. Prentice-Hall, 1968. 

Valkenburg, M.E. Hztvconh knaLy64A. Prentice- 
Hall, 1964. 



249 



SINGLE -TIME-CONSTANT CIRCUITS (A-T PRESENTATION) 



-TOPIC: Single-time-constant circuits. 
. *EST1MATEITTlME TO COMPLETE LESSOR 30 to 40 min. 
\ ARTERIAL NEEVEV; Outline and slide rule. 
PREREQUISITE: Resistive circuits, concept of 

e, and ability to calculate time constants. 
OBJECTIVE : Solve single-time-constant circuits 

> with switching conditions. 
NOTES TO INSTRUCTOR: This lesson could be used 
in either the sequence in single-time-con- 
stant circuits or in pulse electronics. 
This could be used with either a written 
outline or slides or both slides and out- 
line. The addition of slides could help 
to clarify points that are difficult to 
explain oh tape. Also, a programmed ver- 
- sion might be used for the outline that 
•would simplify things considerably. 

SAMPLE SCRIPT: The topic of this lesson is 

based on an understanding of Singlt-Ttm- 
Con&tant C>tAau^6. Any circuit having only 
one C, or one L, and any number of R's is 
a single-time-constant circuit. A circuit 
that has both a C and a L cannot be single 
time cons rant. Circuits can have more 
than one C, or more than one L, and still 
be single-ti;ne-constant circuit. Mathemat- 
ically, the basic equation 'for an STC cir- 
cuit will always be a first order differen- 
tial equation. 



10 K 




A very simple single-time-constant cir- 
cuit may be seen on your outline sheet as • 
circuit number one. In this lesson we will 
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use RC circuits although RL circuits may 
be solved in a similar and dual manner. 

Most capacitive STC circuits can^be 
reduced to the form of circuit number one. 
That is, a single equivalent circuit that 
contains a series resistance and capaci- 
tance in series with a voltage source. 

The response of any STC circuit will- 
either be an exponential, a sine wave, 
or a combination of exponentials and 
sine waves. Any STC circuit that has a 
step, ramp, or pulse applied will have 
an exponential response. A sinusoidal 
input will produce a. steady-state sinus- 
oidal response. In this lesson we will 
be using a step voltage input which 
produces an exponential response. 

As indicated previously, the basic " 
equation for any STC circuit is a first 
order differential equation. At .this 
time you have probably never heard of a 
differential equation and even less likely 
do you know how to solve one. Mathe- 
maticians have worked this problem for us 
and have developed a general equation for 
an exponential response. 

the general equation for voltage is 
shown on your outline in equation number 
one. 

Equation 1 

E is the asymptotical yoltage that 

as * 

occurs when time becomes very very large. 
& as is referred to as E asymptotic, E Q 
is the value of the voltage at the time 
when the exponential begins. This is 
usually considered to be at the time zero 
plus. It the initial value and is 



* called E of zero, t is the time constant 
for the circuit. In the case of a RC cir- 
cuit it is the product of .the resistance in 
ohms times the capacitance in farads. The 
instantaneous voltage can be found at any 
time by using this general equation. Hie 
general equation for the current is the 
same except I's replace the E's. Turn off 
the tape and write the general equation for 
current. 




Fig. 1 



100 K 




.001 a* fd 



Cir. 2 



Take a look at circuit number two; Turn 
off the tape, and find, the time constant. 
The value that you should have calculated 
is one hundred microseconds. This value is 
obtained by multiplying the hundred K resis- 
tance times the point zero zero one micro- 
farad capacitance which gives the time con- 
stant for circuit number two. Let's cal- 
culate the voltage across the capacitor 
when the source is a step starting at 0 
with anamplitude of ten- volts. Use the 
general voltage equation to solve for u^. 
Turn off the tape and solve for v^. 

The value you should have calculated for 

v is equal to ten minus ten e to the minus 
-8 

t divided by 10 power. 

On the graph shown in figure 1, label 
the values of v at one, two/ three, 
four, five, and six t; s constants. Also 
indicate v zero and v asymptotic. You 
should have Values of 6.3, 8.7, 9.5, 9.8, 
and 9.9 for the time cons-tants one through 
five and an asymptotic value of 10 and E 
zero equal to zero. 




W 400 ps 



Cir. 3 

Take a look at circuit number three. 
You'll notice that this is a slightly 
different problem than what we just 
completed. 'There are two switches in the 
circuit each having positions 1 and 3,. 
The switch is in the number 1 position 
during time t^ and in position number 
two during time t2« When both switches 
are in position number one, the time 
constant for the circuit is 400 micro- 
seconds. What is the time ^constant 
when both switches are in position numbei 
2? Stop the tppe and resume again when 
you have an answer. 

The time constant you should have is 
44.5 microseconds. To get the time con- 
stant the 100-volt source must be set 
equal to zero which can be done by re- 
placing it with a short and then calcu- 
lating the resistance that is attached ' 
directly to the capacitance. In this 
case, the 50K and 400K parallel combina- 
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tion is the resistance that the capacitance 
sees. These -two in parallel Nave an equiv- 
alent resistance of 44.5 ohms. The time 
constant is found by multiplying point zero 
zero one microfarad times the resistance and 
should be 44.5 microseconds .* 

In position 2, the asymptotical value 
for v Q "is zero. What is the asymptotical 
value for v in position 1? . Stop the tape 
and resume when you have an answer. 

" After a long time, the "current in the 
circuit would be zero and thus the voltage 
drop across the output woulcl be zero. 

So far we haven 1 t considered initial 
values and this is where the problem usually 
occurs. We know that the time constant for 
position one is 400 microseconds and in 
position two r . 44.5 microseconds. Remember- 
ing that an exponential will complete in 
approximately 5 time constants, we know 

that V will be zero volts at the end of 

o 

time t^ because the switch is left in posi- ; 
tion two for 400 microseconds £nd this time 
period is over 9 time constants long. This 
is a good place to start when attempting to 
plot the output waveform. 

When switching from position 2 to posi- 
tion 1 we have a 100-volt decrease in the 
voltage on the left-hand side of the capaci- 
tor. This change is also made on the right 
side. That is, v decreases from zero volts 
to minus 100 volts. This unexpected event 
is common in single-time-consta'ht circuits. 
A change on one side of a capacitor results 
in an equal change on the other . 

We now have another portion of the out- * 
put waveform. The complete waveform can be 
seen in figure 2 of the outline. 

Notice that during time the .waveform 
is at a 'value not equal to zero. Looking 
closer we can see that v is -37 volts at 
the end of T^. Let's see if we can figure 
out why that happened. Referring to our 
equation now, we rememoer that the asymp- 
totical value in position 1 is 0, the ini- 



tial value which we have just discovered is 
-100 volts, the time constant is^ 400 us. 

Thusjising these values in the equation, 
we arrive at -37 volts for v q at the end 
of time Tj. Going back to the circuit now, 
we observe at switch A that when switching 
from position 1 to position 2 an increase- 
*of 100 volts is'made on the left-hand side 
of the capacitor. This "increase is also 
made to the right-hand side and thus V q 
increases 100 volts. The voltage at v q 
when changing from position 1 to position 
2 increases from -37 volts to a plus" 63 
volts. This total change at v q on the 
right-hand side of - the capacitor is 100 
volts, exactly the change on the left- 
-hand side. We're just about through with 
the' output waveform now. Remembering 
during, T 2 the exponential completed or 
went to zero we have the complete waveform. 




Fig. 2 



Now let's try a problem which is just 
a little different from the last one. 
Look at circuit number four and see if you 
can determine the time constant for the 
circuit in position 2 and position 1. 
Stop the tape player and try your luck 
at this one. 

The time constant for position 2 is 



very close to, 1 microsecond. The parallel 
combination of the 400K and IK resistance 
is nearly IK. When two resistances are in 
parallel and one is much larger than the 
\ other, a close approximation of the parallel 
resistance will be the smaller resistance. 
Try a few combinations of resistances and 
satisfy yourself that this is true if you . 
are not for sure. The time constant in 
position 2 is the product of IK times the 
capacitance of .001 pfd. 



. .00l/*fd 




Cir. 4 



In position 1, the time constant is 
easier to figure. It is simply the 400K 
resistance times .001 pfd which is 400 ps. 

Now then, let's plot the output wave- 
form. The length of time that the switch 
is in position 1 is 20 ps and this is also 
the. length of time in position 2. Return 
to the tape when you have a solution. 

You should have found that in position 
1, the asymptotical value of v q is zero 
volts. In position 2 the asymptotical 
value is 40 "olts. 

Looking at the time constant for posi- 
tion 2 we see that it is 1 ps. Since the 
time in position 2 is 20 ps, the output 
voltage wijl have time to reach its asymp- 
totical value of 20 at the end of T^. 

This gives us a starting p^int. Had w 




chosen to find the voltage at the end of 
Tj we would have had difficulty. We know 
the voltage does not complete at the end 
of Tj because of the long time constant, 
thus we could not make any determination 
of the final voltage since we did not 
know the starting voltage E zero. 

Going back to v out at the end of 
T 2 which we know is equal to 40 volts, we 
then switch to the start of T 1 and this 
produces a 100-volt change on the left of 
the capacitor which produces a negative 
change on the right hand side. Therefore, 
at the instant of switching, v out changes 
from plus 40 v/olts to a minus 60 volts. A 
negative 100-volt change. 

Now that we know the initial value . 
of v out at the beginning of time T^ we 
can use the general equation to determine 
the value of v out at the end of the 20 ps 
period that will occur before the circuit 
is switched toj>osition 2. 

Plugging in our values of v asymptotica 
equal to zero, T^ of 20 ps, time constant 
of 400 ps, we get a value of v out at the 
end of Tj equal to minus 57 volts. 

Again, when the switch is changed 
from position 1 to position 2, a 100-volt 
change occurs and will cause the voltage 
to jump from -57 to +43, a, hundred-volt 
change. . 

We are now at 43 volts positive in 
position 2. We have a very short time 
constant and an asymptotical value of 40 
volts. So the* waveform wili decrease very 
rapidly and we are back to the point 
where we started. 

The output voltage loojcs sort of like 
a rectangular waveform and has these 
critical values as indicated in figure 5. 
At the beginning of T^ v Q is -60 volts 
and at the end of period T is -57 volts. 
The value at the beginning of 1^ is plus 
43 volts and at the end +40 1 volts. j 
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This concludes the lesson. I r addition- 
al help' is needed", see your instructor. 



SWITCHING CIRCUITS.. (A-T PRESENTATION) 



TOPIC: Two-transistor switching circuit. 
ESTUUJEV TIME TO COMPLETE THIS LESSON:- 45 to 

60 min. ^ i 

MATERIAL MEEOEV; Outline and slide rule.' j 
PREREQUISITES: Ability to so^fe STC circuits and 1* 
.knowledge of transistors. I 
OBJECTIVE: To calculate pulse width of output \ 

' waveform of a two-transistor circuit.. 
MOTES TO THE INSTRUCTOR: This audio- tutorial 
lesson- would be used in pulse electronics 
after the analysis of single-transistor cir- 
cuits. In "addition to the figures shown, 
you may wish to add additional figures and 
calculations to improve student comprehen- 
sion . T would suggest that the outline 
** material be in a programmed fashion so that 
the. student is reinforced with the correct 
circuit diagram or-oa4eu*atiori'. 
SAMPLE SCRIPT: The objective of this lesson is 
.ito calculate pulse width of the output wave- 
form of a two-transistor circuit. This 
lesson is an. introduction to switching cir- 
cuits using the techniques that we have used 
for solving single- time-const ant circuits. 
We will be using, transistors to do the 
switching and they will be operated in the 
cutoff or in the saturated regions. Because 
we will be using the transistor in this type 
of operation, we can represent a common 
emitter transistor circuit with a circuit 
model which has a -diode in the base to 
emitter portion and as a switch in the 
emitter to collector portion. This relation- 
ship can be seen "on your outline sheet in 
figure 1 and figure 2. Turn off the tape and 
study the model for the common emi cir- 
cuit shown .in figure 1. Return- to tape 
after careful examination of the two circuits. 

When the dioae in figure* 2 which reprec* 
sents the base to emitter junction is con- 
ducting, the switch is in the on position. 



When the diode is not conducting, the 
switch is 0^. Notice that the ter- 
minals on the switch are equivalent 
to the collector to emitter junction 
of the transistor. There are more 
accurate models that can be used to 
represent the transistor in which you 
consider the resistance of the tran- 
sition during saturation, during op- 
eration in the active region, arid when 
reversed, etc. A more accurate model 
is shown in figure 3 but- for our 
analysis we will use the simplified 
equivalent circuit shown in figure 2. 
The model will be quite satisfactory 
and will allow us to attack seemingly 
complicated circuits. 

The circuit that we are going 
to work with is a two-stage transistor 
circuit as seen in figure 4. Are 
these NPN or PNP transistors? Patuc 
One j*ay I remember whether a transistor 
is NPN o^r'PNP-at the circuit drawing 
; I think of the initials NPN as meaning 
Wot Pointed In. Those of a PNP may 
remind you of the words Pointed In. 

Because the transistors in figure 4 
are NPN f s, we would expect a positive 
voltage on the collector remembering 
that the collector must be reversed— 
bias and that base to emitter junction 
be forward biased. 

Notice how the voltages are marked 
on the schematic and how they are re- 
ferenced, v. , is the base to emitter 
voltage- of the first stage while 
is the collector to emitter voltage 
also on the first stage. How is the 
base to emitter' voltage on the second 
stage labeled? Paoie. The base to 
emitter voltage on the second stage is 



of bourse-labeled v fe2 and likewise the^out^ 
put Voltage which is the collector to emit- 
ter voltage is v^. 

Thp input waveform for our circuit is , 
shwn~*n- figure 5. The periods^ and 
T 2 both\have a time interval of 200 micro- 
seconds. \ The input voltage has a 10 volt 
peak-to-peak value and is a rectangle wave. 
It will become apparent to you as we go' 
through this circiiit^at^ily^the change in 
in the. input voltage and not the level will 
affect our output voltage. "Keep this input* 
voltage in mind because it will become im- 
portant as we\progress through solving the 
switching problem. 

What 1 would like you to do now is to 
draw the equivalent circuits for this 2- 
stage switching circuit. First, draw the 
base to emitter circuit for the first 
stage using the, model described in figure 
2. Stop the tape blayer and resume when 
you have drawn the\circuit model for the 
base to emitter circuit. 

Check your equivalent circuit against 
.the one shown in figure 6 of the outline. 
Notice that I have dr^wn the 40K resistor 
to a battery source which in turn is ground- 
ed to the emitter. Th^jLs is equivalent to 
the common representation of having the 40K 
resistor go to a plus-16 volt source as 
shown in figure 4." ■ ^ 

Now then, try to draw the equivalent 
circuit that will include, the collector to 

emitter switch of Q : the coupling capacitor 
1 t i 

and the base to emitter diode of C^. In 
other weirds, continue from the base to emit- 
ter circuit of Q. to the base and emitter 
*J j l 

circui J of Q 2 . Stop the tape and resume 
when yA>p have the circuit. 

T^ desired circuit is shown i n figure 
7 encased in dotted" lines . Also included 

is thfc base to emitter circuit of Q, . 

i l - 

Notiae the voltages and how they are la- 
belled according to the original transis- 
tor/circuit. The first diode in the circuit 



jc^rres-ponds lb the base to emitter of 
, and thus the voltage across the diode 



would be v^j.l Notice also on the # left- 
Jiand side of capacitor the voltage' 
is labelled v^. The collector to emit- 
ter voltage ofiQj is represented as a 
switch and finally, on the right-hand 

side of the circuit we find v, the 
\ b2' 

base to emitter voltage of the second 
stage.- ,. + _ J 

Notice that|the bias voltages are 
returned back to ground. This is done 
so we ma^ be able to figure our time * 
constants much' easier. 

The final cixcuit that we need to 
solve for our transistor circuit is the 
collector to emitter circuit of the 
second stage/ Try to figure out this 
circuit for yourself and continue with 
the lesson -When. you are finished. 

You will find ill figure 8, if you 
haven't already looked, the equivalent 
circuit, ft is probably the easiest 
circuit we Will have to analyze. 

Looking at figure 8, what will be 
r * « 

the output voltage when Q2 is conduct- 
ing, S 2 ip the on position? The volt- ./ 
age will be zero because" the collector 
and emitter are at the same potential. 
What is trie output voltage when Q 2 is 
not conddcting? The value of course , 
will be plus-16 volts. With the 
switch in the off position there is 
no current through the 4K resistor^, 
therefore there is no voltage <jrop; 
v out then is equal to the 16- volt l 
source . 

Prom this calculation, we know that 
the output is going to be a rectangular 
wave that will! step fr om 0 to a plus- 
16 volts* The problem then is to de- 
termine j the length of time that v out 
will be equal £0 zero and the* length 
of time it will be equal to plus-16 volts. 

To 'solve this problem requires that 
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We go back to the input to the circuit and 
work~;froni there, . Refer to figure 7 on your 
outline to help with this solution. I would 
like for you- to plot the various voltages, 



Lth 



Ibl* xl' V b2* V c2 accordin & t0 tinte wi 
ifespect to the input voltage e s . Do this 

bjelow Jfigure 5 on your outline. v 

{ Plotting v fal , first, a 10-r-volt positive 

step in e^ on the left-hand side of the 

input capacitor will result in a 10-volt 

positive step on |the right-hand side of the 

capacitor. A 10-volt positive increase on 

will. turn on; We can assume that 
v bl M't erv nearly zero when e g goes posi- 
tive. Thus during and at the end of Tj, 
v^ is nearly zero for. all practical pur- 
poses. It is actually the voltage across 
a conducting diode but we will assume, that 
we are using an ideal diode which would 
have 0 vojtage drop. We will say it is 0- 
plus volts. * 

" Next,' what is going to happen to v^ 
when e g steps from plus- 10 to zero or a 
negative-10 volts change? The voltage was 
0-plus volts and a 10-volt decrease results 
in going from 0 Ito minus -10 volts in- 
stantaneously. Diode Dj is switched off 
with this negative viltage across it. . 

Notice that whenldiode D^ is off, we 
have a -single-time-constant circuit. The 
time constant will be|40K times the value 
of- the capacitance C Which we have not yet 
determined for purposes to be revealed 
shortly. \ * 

We would 1 - like for the transistor Qj to 
be off for all of the time T ? . This requires 
that the diode have a negative b.ias during 
this period. Knowing that a single-time- 
const ant- ciTCUiT with ah initial value of 
minus— 10 will produce an exponential that 
will decay to eventually in the case of 16 w 
volts if allowed sufficient time. 

We are interested' in finding the 'min- 
imum value 4 of capacitance that will allow 
v bl* to be at zero at exactly at the end of 



period-T 2 . To solve for this value of Cj 
requires that we use the formula shown 



/ 

in figure 9 which has* been /developed from 
the general equation for S,tfC circuits 
with stej<inputs. We in?e now ready to- 
solve for C. using thfe' following informa- 
. tion, 1^ is 'equal to- 200 microseconds. 
E asymtotical is plus 16, E zero is minus 
10 volts. E^ we set equal to zero because 
this is the value we want at the ?h,d of • 
T 2 » The time constant-will be equal -to 
40K tija^s the capacitance. The one un- 
known -to soKe for then is the capacitance. 
Turn off the tape .and solve for the- min- 
imum capacitance necessary to hold off. 

The minimum value ^or that you 
should have calculated is approximately m 
.01 microfarad. This is the minimum 
value necessary and any value la'rger than 
this would work in the circuit,. If we . 
always make very very large, we can 
be assured that will remain off during 
this desired length of time. 

At this point, you should be able to 



dx*aw the waveform of v, 



hi- 



lt should be 



0 plus during the time T * and- then $lrop 
to minus-10 vo^ts at the beginning of 
T^ ancl then exponentially rise to zero 
at the end of T 2 and then repeat this 
pattern for each cycle. . ~ 

Now, let's try to solve ttte second 
part of the.circuit. We are interested 
in solving for v ,\ind v. n , ' One of the* ' 

' Cl \ 

difficulties in trying to solv-e* for these 
is in finding a place to start. 

If we look at this part of the cir- 
cuit, we can 'assume that switch S'. will 
be on fqr some' period of time and off for 
some period of time. In the on position, 
the left-hand side of? the .003 microfarad 
capacitor will -be tied to ground. This 
sets v c j. equal to 'ero and after a long 
time the diode wiil be conducting be- 
cause it will be forward biased: Now, 
switching from the on to off position of 
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S. , there will be a positive increase in 

1 / - 

V cl because we nave now inserted a positive 

16-volt source*" Let»s assume diode D 2 is 
conducting becaiise when is changed from 
on to. off, a positive surge would be applied 
to the 'left side- of the .0(^3 microfarad 
capacitor which would also cause a positive 
increase' on the right hand side -which would 
turn diode. on* 

Ok, now with the switch off, E> 2 is on, 
which in. effect removes the 60K and 16-volt 
source and leaves us with a series RC cir- 
cuit consisting of the 16-volt .source, a.\ 
2K resistor, and a .003 microfarad capacit- 
or. What is the time constant of this cir- 
cuit? PooAe. The time constant would 'be 
6 microseconds, 2K times .005 microfarad* 

The asyratotical value of v , will be-Pcme." 
* cl 

16 volts* About how long will it take to 

I I ' 

reach this asymtotical value? PauAe. About 
5 time constants or 3.0 microseconds, so it 
will reach this asymptotical very rapidly* 
Vfheji is in the off position? is 
in tHe/off position when transistor is 
off* This occurs whenever is negative* 
It would be a good idea if you would mark 
this 1 on your plot, that is when is off 
and: when it is on* It is off during time 

/ Now then, we can say that at the end 
of T 2 , when going from the off to on posi- 
tion, transistor is going to turn on. 
When this happens, is going to zero. 



For all the time T Jf 
the start of time T» 



v , will 6e zero, 
cl 



At 



«2» we go from the on 

position of Sj to the off position of S^. 

This causes D 2 to turn on and makes a single 

time-constant series RC circuit, v , in- 

cl % 

creased from 0 to an asymtotical value of 
16 with a time constant of 6 microseconds* 
With T 2 equal to 200 microseconds, v j 
changes from plus. 16 volts to zero* ' You 
now have enough ^ information to plot y c ^. 
Stop the tape and resume when you have 



9 



plotted v 



' Your plot should have a value of 0 
fpr period Tj and an exponential with an 
asymtotica/value^of ,16 volts with a 
time constant of 6 microseconds during 

^time T 0 . \ m 9 * . < 

^ By looking at v^ t I can also find 
out .something about v.-. First, I know 
that at the end of T«^ v . went from _ . 
plus-16 volts to zeroTV This decrease 

• will also 1 produce ^a t6-voit ^decrease of 
the right-hand ^ide of C 2 * 

*Whenlv c j is positive, Q 2 is switched • 
on** This 'occurs* during time T* 2 -and since 

is oi\[ will be zero. Note* that' 
when is>.*off, Q 2 is on* So, from this, 

* we know that during the" time T 2 , v^ 2 

Will, be zero* A good place then to statft 4 
f to plot y b2 is at the end of T 2 * Remem- 
bering that we had a negative-16 volt 
change when going from T 2 to T^ we; know 
that 2 'will go from 0 to minus-16 volts. 
With v^ 2 at minus-16 volts, the diode* D 2 
will be off because it is reversed biased* 

The conditions of our circuit are as 
follows: * ISj is in. the on position, this 
caused a negative-16 vplts to appear * 
across D^, therefore, D >2 is off* What is 
the .time constant^Wr^ this .part of the 
circuit? Turn off the tape ani. calculate 
the time constant'. 

With Sj in the on position and* D 2 off, 
we are left with the 60K resistor a;id the 
.00^ microfarad capaqitor" in series.. The 
time constant is then 180 microseconds. 
At this point, I v Rnow that is at -16 
volts, there is a time constant of 180 ') 
microseconds, and is heading for an 
asymtotical value of*plus-16 volts. 

Whenever v^ 2 goes pbsitive, the diode 
is going to conduct when * s grater a 
then 0 volts. The diode will be forward 
biased with the positive potential. 

The problem then is to figure out how 
long it will take v^ 2 to decrease to zero. 
Stop the player and calculate^this length 
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• of time. The value that you should have 
calculated is 126 microseconds; you should 
have used the formula shown in figure 9. 

When v, o reaches zero, the diode" is 
switched on and v fe2 is equal to zero volts. 

/For the first 126 microseconds of ?2' v b2 
is some negative value starting at minus- 
16- and approaching zero. For the rest of 

the period Tj7 ^ b2 is zer0 * 

We are now ready to plot v out. When 
is negative, S 2 is off and v out is. 

equal to plus-16c volts. When S 2 is on, 

v out is zero volts. This occurs* when 

i . f — — 

is zerlK 




Fig. 1 



*b2 



Your v out then should have a value of 
""Hi win n ^~ nafi ' a nfi g a 3UY g value and 



plus 

zero when v. 



b2 



is zero. Your completed 



waveforms should look like those in table 1. 

What determines the output pulse width? Q ; 
We can change the pulse width by changing 
the rime constant in the coupling circiit. 
By increasing the 60K resistor or the .003 
microfarad capacitor^the pulse width-of^ 
the output waveform up to a maximum of the 
length of Tj. Pulse width is directly 
proportional to this time constant. Also, 
varying the bias voltage can also change 
the pulse width. Thus, we have a circuit 
in which we can vary the output pulse width 
by varying component values or bias volt- 
age. What effect does varying the ampli- 
tude or length of times T^ § ! 2 ? I leave 
these ques^tions^unanswered and suggest that 
you think about them and then set up this 
circuit in the- laboratory ." ^Also . what 
effect will using PNP transistors rather 
than NPN's have on the output waveform? 
This concludes the switching circuit - dp- 
cuss ion. 




Fig. 2 
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Fig. 4 



CHAPTER 8 

UTILIZATION OF COMPUTERS AND CALCULATORS 

f 



The availability of electronic calculator and computer* 
ha* created new challenge* for the elccAJi&aic* curriculum. The*e : / 
labor-saving tools should be utitized more^ fully a*, educational 
tool* to supplement instruction in the 'two-year technology program. 

. This chapter include* Jjifon xmtion on bath-Jta%cft — ahd^mall- 
TcaZe "compute** mth sample fontrun', ECAP, and electronic calculator 
problem which votre developed by member* of the Summer Institute. 
Also included is an iUustration of what is being done ajt the 
University of Illinois with computer-a*si*ted instruction in 
electrical engineering. The information for thi* system , identi- 
fied a* ?LATO,ms provided by Mr. Roger L. Gro*sel, r 



263* 



COMPUTER-ASSISTED INSTRUCTION 



WHAT IS CAI? 

Of all the developments in instruction, 
computer- ass is ted instruction (CAI) has the great- 
est potential. The availability of computers 
has created new challenges for curriculum devel- 
opment in electronics. What is meant when we 
speak of CAI? In a harrow sense, CAI refers to 
a branching program developed for a specific 
course or segment of a course, programmed on a 
computer so thaX-a^siudent--ffl# y inler aTr with it 
through some type of remote cons'ole. In the 
broadest sense, it embraces the totality of com- 
puter use for assigned work in a classroom in- 
cluding computation associated with the solu- 
tion of problems in electronics, math, or physics, 
or in the laboratory as a guide for simulation 
and design. 

The use of the computer in the teaching- 
learning process has been represented by a num- 
ber of acronyms, including CAI, CBI , CAL, CBE , 
and CAE. Computer- ass is ted or computer-aided in- 
struction (CAI) adopted by ISM, is probably the 
most commonly used acronym, while Development 
Corporation, Stanford University, and RCA have 
used the term computer-based instruction (OBI). 
Computer- ass is ted learning, computer-augmented 
learning, computer- administered learning have 
be3n referred to as (CAL). The U.S. Naval Acad- 
emy has used what they cal 1 computer-augmented 
education (CAE). The University of Illinois 
PLATO program uses computer-based education (CBE) 
to describe their efforts. Each manufacturer, 
computer system, or research and development 
proiec* tend to have their own acronym. No 
matter what *t is called, the computer is an 
active element in the instructional process. 

CAI ANV ELECTRONICS 

At this point, the question might well be 
asked, "What has all' this to do with the Elect- 
runic? Educator?" The familarity 'bf the el*ct- 
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ronics instructor with a systems approach to a 
problem offers many important opportunities o to 
contribute to the improved efficiency of the 
instruction process. The electronics instruc- 
tor is in a unique position because of his 
background of technological competence and an 
understanding of the goals and frustrations of 
the teacher. The electronics educator is in 



a position to _^qLvjg^many- pr^b4ems—wtttri5o"th" " 
the software and hardware. Instead of wait- 
ing for someone else to do all the work, the 
electronics educators should be leading the 
field of computer-assisted instruction. The 
goal to which technology should be directed 
is to assist the student to become an effi- 
cient, independent learner. 

USING CAI 

The use of high-speed digital computers 
as a central control element provides great 
f lexibility^in the instructional process. 
CAI is prepared by the instructor for presen- ' , 
tation under computer control.* The student 
receives instruction in a variety of methods 
including slides, films, video display, audio- 
tape messages, and typed information. Mate- 
rial is presented to the student and then he 
responds usually by typing his individualized 
answer on a Keyset in a student terminal. 
The computer responds to the students respons- 
es -and determines how the instruction is to 
progress. Students who do not fully under- 
stand the material are branched into remedial 
instruction and thus avoid repetition of old 
material . 

CAI is not synonymous with programmed in- 
struction. It is not an automated version of 
the Skinner teaching machine. CAI makes 
•possible unprogrammed instruction or Student- 
controlled learning that differs from the basic 
tutorial logic of most programmed instruction. 
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For example, information may be stored ii. memory 
as *an actual system or device such as a defec- 
tive electronic circuit and through a set of 
instructions stored in the computer, the computer 
can calculate unique responses to varying stu- 
dent inquiries. It .has the ability to provide 
much more opportunity for flexibility than reg- 
ular programmed material. 

The computer can also be used to control 
devices such^ as movie projectors, random-access 
slide projectors, lights, etc. Students in 



b. 
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diffe rent_t ejnninals_^n— i^t^ract-Tri t h - eacTT~other 
through the computer. In addition to keeping 
detailed records of the student's performance, 
the computer can provide individualized instruc- 
tion, immediate feedback, and remedial instruc- 
tion by the use of internal branching and the 
alternation of presentation or type of material 
based on the student's past performance. These * 
unique features make the computer an ideal in- 
structional tool for developing cognitive skills. 

Ways in which CAI can be used in electronics 
technology include the following: 
a. VhJUUL and Piacticz 

It is widely accepted that the com- 
puter can be a valuable tool in the 
presentation of drill and practice. 
t#» Learning can be modified to meet the 

needs of each individual student both as 
to level of difficulty and rate of 
presentation. The computer can be pro- 
grammed to follow each student's history 
of learning successes and failures and 
to use his past performances as* a basis 
for selecting new problems and concepts. 
The computer can even be programmed to 
generate its own drill exercises so that 
a wide variety of combinations can be 
used without excessive teacher parti- 
cipation. Also, the computer can be 

used to pace the student so as to in- 
•J 

crease his speed of responses as well as 
his accuracy. Examples in electronics 
that fit in this area include: reading 
time constants, meter readings, problem 
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solving, writing loop and node equa- 
tions, etc. 

Tutorial Stfitcm 0 

The application of the computer to 
solve complex problems lies in its cap- 
abilities to easily evaluate tho^o cir- 
cuits having many loops and nodes. The 
pace of a student's response is con- 
trolled and he is permitted to COtU>ttiuc£ 
an answer rather than select one from 
s ev e r ai__gixen_poss-i4>l s-answers ~as~rs 
usually done in written programmed ma- 
terial. For example, the student is 
presented with a problem that cannot 
be de.alt with by a simple of multiple- 
choice answer. A problem might be to 
design a transistor circuit with spe- 
cified input and output conditions. 
This may require the student to gather 
information, which might be stored in 
memory, about the transistor he wants 
to use. He will have to decide what 
tests he wants the computer tc perform 
or what calculations he wants it xo 
carry out. 

It is likely that no two learners 
will ever take the same path through a 
complex problem and. this is where the 
computer has its greatest advantage 
over programmed instruction. It has 
the ability to assess the validity of 
an answer, judge open-ended verbal 
responses, and to distinguish between 
conceptual errors and spelling 
difficulties. In the tutorial mode, 
maximum adaptation can be made to the 
individual differences exhibited by 
the learner. 

Computational Mode 

Hie CAI system can be used as a 
calculator to do the mathematics re- 
quired to solve a problem. Experiments 
can be- simulated by tKe«*computer , 
immediately providing the student with 
results he uniquely requested. These 



265 



\ 

\ 



same results might require hours or even 
days to^calculate by hand and would 
'^otherwise be too difficult or lengthy to 
do. In a complex system,, the computer 
not only does the computation but also 
assists in the problem-solving process. 
It can guide the student through a ■ 
problem, evaluate each step, indicating 3^ 
errors as they occur and can require 
extensive student i nteract ion. — Eor- 



example, a student is to analyze a 
series RC circuit. His task is to 
determine the value of inductance and 
resistance necessary for a specified 
output across the inductance and then 
"to vary the values and observe the 
result. B> manipulating these values, 
the student gains an intuitive feeling 
for the effects of input waveform, in- 
ductance, arid resistance, and has. the 
ability to solve this type of problem. 
He could even ask' the computer to plot 



the output waveform or analyze various 

combinations of inductors and resistors. 

\ 

Tuting, Recording, an&?Aocu>6<ing- 
Student VoAionmanai \^ 

The potential of CAI to\make assess- 
ment of student performance is a key 
element in individualizing instruction. 
The computer can keep accurate an<l x 

comprehensive-- r«r^ds^n-individual"^s"tu^ 

\ 

dent performance and can also include \ 
testing as well as collecting data on 
daily performance. By analysis of 
performance data from students on-line, 
quick changes can be made in the in- - • 
structional sequence and even generate 
additional materials as needed for each 
individual student. This reduces the 
number of evaluation-revision cycles 
required in the development of CAI in- 
structional materials. 
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PLATO EXAMPLE 



The University of Illinois has been experi- 
menting with a computer-based educational system 
(PLATO) since its initiation in 1959. Some of 
the areas in which studies have been conducted 



A very promising technological innovation 
aimed at providing an improved lpw-cost student 
console is the plasma display panel, a recently 
1 nve n te d graph 1 c s_^sjyjLy^e^ixiL-tlvat -is_c apab 1 e 



__ara__el£Ctr i c a4— eng i n e e r ing , *ge om&tf f y ,~b~Tol o gy , 
nursing, library science, pharmacology, chemistry, 
algebra, math drill, computer programming, and 
foreign languages. This material has been pre- 
sented by use of a variety of teaching strategies, 
ranging from drill and practice to student-di- 
rected inquiry. 

At the present, a student terminal consists 
of a Keyset and a television monitor as shown in 
Fig. 2. Information viewed on the television 
monitor is composed of a slide selected by the 
computer (random-access time less than 1 millionth 
of a second) and a superimposed image of graphs, 
diagrams, and/or alphanumeric characters drawn 
l?> the computer in a point-by-point fashion. The 
student uses the keyset for constructing answers, 
questions, and for setting up simulated or real 
experiments, as well as for controlling his prog- 
ress through the lesson material . The computer 
"responds to the student's requests and also con- 
trols devices such as movie projectors, lights, 
etc . 




Fig. 2. Schematic representation of the 
Plato ill system 



of storing on its viewing surface either computer- 
generated or student-generated information with- 

c 

out the need for auxiliary storage devices. 
Furthermore, the panel may.be addressed by way 
of telephone lines of conventional bandwidth. 
Under the trade name Digivue, this electronic 
device is at present in the commercial prototype 
development stage and offers promise of excellent 
performance, with significant further reductions 
in the cost of student terminals. Made of a * 
thin, flat, gas-filled glass container with trans- 
parent electrodes, the plasma panel is so designed 
that photographic images can be conveniently pro- 
jected and superimpused on the display surface. 
Ihus, one can combine the presentation of textual 
material or slides with presentation of the com- 
puter-generated information, as_is done in PLATO 
III. 

Figure 3 is an artist's conception of a 
PLA10 IV student console with keyset, plasma 
display panel, and a low -cost random- access im- 
age projector. The latter is another invention 
that resulted from the PLATO design effort. It 
permits random selection by' the computer of any 
image on a microform card on which textual and 
photographic lesson materials are stored, fig- 
ure 4 is a photograpn of a small [A- by 4- inch 
(10- by 10-centimeter)7 pilot-model Digivue panel 
with a superimposed photographic image. PLATO IV 
plans call for a panel of considerably greater 
size (10 by 10 inches) and a resolution better 
than that of television d; splays. 



* Taken from The Design of an Lconomicall) V table Large- Scale Computer Based Lducation System , 
CLRL Report X-5, University of IUinois, Urbana, Illinois, 
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A new low- cost, random- access audio system 
will make it possible for a student to, call for; 
or to record, vocal messages on a locally situ- 
ated magnetic recording device. This unit would 
typically be considered an optional feature, 
especially useful in certain language Courses. 

The design of the PLAT( MV student co nsole— 
makes possible a novel econom.cal method for com- 
municating with the central computer at a dis- 
tance. By sending the information in digital 
form in carefully arranged time sequence, it is 
possible to transmit \o as many as 1000 student 
stations by way of a single educational-TV chan- 
nel. At a distancSToT 150 miles, such a communi- 
cation channel woula cost only a few additional 
cents per student-contact hour. 



✓ 

fcach student is introduced to PLATO by the 
display shown in Fig. 1, 



Fig. 1 



Hi- 

a 

My name is PLATO. I am the computer-based 
system that will assist in teaching EE 260, 

Networks I, I '[talk 1 1 to you by jwgjLtiDg._on 

this display. "You "talk" to me by pushing 
keys on the keyset in front of ycu. 

P^fer to your .keyset. As you see, many . 
key^ are similar to those on a typewriter. 
Note that on the right side of the keyset 
are special keys labeled with^words. Their 
-function will become clear to you as we pro- 
ceed. I will refer to these keys by putting 
a dash on each side of the word. For exam- 
ple, when you are ready to go on, push - 
-NEXT-. 



< 




Fig 3 Uiboie) Schem.mi di.icr.int of the Pl,no IV student 
console 



Fig. 4 (right). Superimposed photographic and computer* 
generated im.igcs on a Dignuc ptasma disphy p,nel. (In normal 
viewing the lines which appear in -the projected photograph of 
the studen: console would not be usiblc.). 
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A C-AI APPLICATION FOR ELECTRONICS 

* The PLATO system is currently being used to 
assist in teaching selected parts of EE 260, In- 
troductory Networks, at the University cf 111 i- 
, nois. Only those topics that are best covered 
by C-AI are presenred on the PLATO system. These 
topics are integrated with lecture, laboratory, 
and study sessions. The following are examples 
of how the PLATO system is being used in the, cir- 
cuits course. 



One of the most important concepts to get 
across in the first circuits course is 
Kirchhoff's Laws. Figures 2, 3, 4, and i are 
part of the series of displays used. For ex- 
ample, in Fig. 2, the student is asked to 
write the KCL fqr_ node 3. Nott: Tkt voltage, 

qamh, bat not tilt ciOiXtoit. By 
using the associated reference (current enters 
the positive voltage terminal, which was previ- 
ously introduced), the student should be able 



to write the equation. If he can not write the 
equation, he pushes a key labeled HELP, and is 
given the hint as shown in Fig. 3. If he still 
has trouble, he pushes HELP again and is pre- 
sented with the question shown ir. Fig. 4. Hav- 



ing answered "yes," he is then shown Fig. 5, 
which now has the current symbols and references. 
The student now writes the* equation and is 
judged "OK" by the computer. Any equivalent 
form of* his answer would have been accepted". 




You shou3&'be able to determine the 
current reference directions from the 
associated reference direction. 

Please try again, but if 'you still 
have trouble, return to your lesson 
e use -HELP1-. 



PRESS -NEXT- 



Fig. 2 



Fig- 3 



Do you want the current reference 
directions indicated instead of the 
voltage reference polarities? 

^ y OK 



PRESS -NEXT- 



1 






>1 

3 


* h 


* J* 






- • ^ 


Write the KCL equation for' node 3. 


-> 


i 1+ i 3 =i ( OK 


Now is a good time to get some 
practice. You may erase- and try the 
equivalent forms. 






PRESS -NEXT- 



Fig.- 4 



Fig. 5 
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A series of displays from a resistive net- 
work analysis lesson is shown in Figures 6, 7, 
S, 1 9, and 10. Initially the student is shown a 
grid of 15 terminal points as indicated in Fig- 
ure 6* He then enters his own network by Key 
pre 

i 



.p resscs-and-en^cers-cacli element - one at a time, 
Ea|ch branch is drawn after "all of its necessary 
values have been entered. When the student in- 
dicates his network is complete, he is shown 
Figure 7, which indicates his connections are 
M OK" (no shorted elements, etc.)* On this dis- 
play, he is asksd one of five randomly selected 
questions about his network. F6r . example, in- 



MODE: 
ANALYZE 



11. * 12. 13. 14. 

ENTER YOUR NETWORK 



IS. 



ELEMENT TERMINALS ELEMENT 

TYPE FIRST SECOND VALUE 
r OK 4 OK 9 PK 3 OK 

INDEF. GEN. v OK I.G. VALUE W 



*1 



Node Voltages: e = '8.028169 
e = 

e^= -0.535211 



PRESS -NEXT- 



Fig. 8 

Figures 10, 11, and 12 as shown on the fol- 
lowing page present a series from a lesson on\ 

0 

parallel ULC networks. The part shown here as- 
sumes that the theory has already been covered. 
The student types in the values of C, L, and R A 



Figure 8 he is asked for the number of inde- 
pendent mesh currents. The student may have 

i 

been asked to calculate the node voltages or the 
element voltage and currents solutions which are 
shown in Figures 8andJJ^^J1i^ 



are available to the instructor, who has the op- 
tion to withhold the solutions until he has asked 
questions about them. Alternatively, if he wants < 
to allow the student to use the lesson merely in* 
the analysis mode, lie may select to show the solu- 
tions directly. In other words, the student can 
use 'the computer as a tool to calculate these 
voltages and currents. 



4> T T 



Network * 
topology 
OK 



Give me the number of independent mesh 
currents . -**2 



Fig*. 7 




1.971831 
3.943662 
4.0845?7 
4.6197*.8 
3.464*. 89 



*2 = 

*4 = 
V 



1.971831 
1, 9^1331 
0. 816901 
1.154930 
1.154930 



PRESS -NEXT- 



Fig. 9 

and then i s_ask ed_ Jun_Ri gu re— H)-} -f-h e-wants~t<r sec 
a plot. The -plot is shown in Figure 11 and shows 
v c (t), 1 L (t), and V^vs-ij (the phase plane p'^t). 
The plots develop in simulated time as the student 
watches. A. plot for a higher Q network iji shown 



/ 




V c (0)=l 

CHOOSE VALUES (microfarads, microhenrys, ohms) 



C= .1999999 OK^iF 
R= .1 OK 



This is the underdamped case, 
a = 9.999999*9x19* Q= l.W 



L= 1000000 OK mH 



f r 0.00000016 MHz 
O I 



v = 0.00000100x10" 

V?= 0.00000087xl0 6 

i L (t)= 1.15xexp(-axt )xsin(w d xt) 
max i = 0*54629 at t= 1204048 usee 

(At= 120405 usee, N= 41) 
Aft^Db you want t£ see a plot? 



Fig. lft 




Another exampl^J^ia^ci^xnitTanalysis. is as 

^follows^— The student has just analyzed a circuit 

containing a bhttery, a switch, an inductor, {and 

t j ] 

a resistor, all connected in series. His task is 

to determine the value of the inductor and re^ ; 

sistor that causes the current waveform \o paW 

through the/points marked on the graph after ithe 

switch is closed. He is instructed to make the 

resistor value sir.3ll-and notice the effect on! 

the final value of the current". By manipulating 

these value s, the student gains an intuitive 

feeling for the effects of the inductance and r* • 

sistance, and he can proceed in an orderly way 

to determine their correct values as indicated 

on the following displays. 



Underdamped 
p^riod^ 7251519 usee 



l = 0-54629 
6= 4000000 \i&c 



-OP- 



PRESS -NEXT- 



Fig. 11 
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12 J 4 5 6 7 I 9 10 II 12 t 

When you are^hrough .experimenting, find 
'values of L andrR, to the nearest integer ^ 
such that tfie solution matches the experi- 
mental data^ Judge each answer separately. 



i o 



I? 



, Underdamped 

period = 6485956 usee 

i = 0.71150 

6? ax O000000 psec — 
o o 



ft* 



p 

/ a 




Do* 



PRESS -NEXT- 



-3- 



o O ° 



1. 2 J 4 S 6 7 | 9 10 U 12 t , 

When you are through experimenting, find 
values of L an$ R, to the] nearest integer , 
such that the— solution matches the experi- 
mental delta. ' Judge eacn answer separately. 
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Fig. 12 
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1 2 J 4 S 6 7 I 9 10 tl 12 t 

ttitn you are through experimenting, find 
values of I and R . to the n earest mtoier. 
sueh that the solution watches the e«peri»ent- 
•1 lata. Judge each answer separately. 



i. |T«] 

si'-' 



1 2 J 4 J g 9 10 11 12 t 

When you art. through experimenting, find 
values of I and R . to the nearest integer, 
such that the solution Batches the eiperis*nr~ 
el dete. Judge eech answer separately. t 



I * 
trtk 



LLQgJ 



\K2 



'1 2 J 4 S 6 7 ' • 9 10-JX43 r 

When you are through e^peri waning, find 
values of L an2 R , to the nea r est lnteier^, 
such that 'the solution letches tht cxpeuaent* 
el deta. Ju^g* each answer seperetely | 



I. Eg) 
5 - 



~[Tc*] 



1 M 4 J 6 7 8 -9 10 tl 12 t 

When you are through vxperi renting, find 
value* of -l and R . .to- the nearest inteier. 
such thet ihe solution watches the experiwent- 
al dats. Ju't* ejch answer Separately. 



*\. Iraki 



R • $ 



o o o 



1 2 5 4 S * 7 g '9 10 11 12 

When you ere through expeYiaenting. find 
values of I and R . to the nearest Intete* 
such that the solution watches the experiment 
el data. Judge each answer separately. 



\ 
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COMPUTERS AND CALCULATORS AS TOOLS 



/ ./ 

/The availability of computers has created 
new ^chal lenges , for curriculum- development in 
electronics itechnology. The computer is a 
tool thajt increases the student's capacity to 
iio intelligent work. It enables him to work* 
problem^ more quickly, with less drudgery, 
and with greater accuracy. - It is quite appar- 
ehty/that the computer^should be -utilized more 
fully as "an educational tool in the two-year 
^echnology program. . - s 

ELECTRONIC VESK-TQP CALCULATORS- 



The development of electroni 



jjesk^top 



calculators, which are^ really sn)a|^scale 
computers, has particular significance in 
teaching electronics. The primary benefit is 
found in tKe development of concepts by the. 
students and the exploration of these con- 
cepts by problem-sp lying 'situations utilizing 
.the cjila^a^or^to do routine operations quick- 
ly/" Samp J e operations invoiving the use of 5 
calculators are: Evaluating equations, expo- 
nential functions^ and trigonometrv functions. 

These and many other problems can be 
solved on tjie calculator. There are a variety 
of calculators available, man? of which are -7 
programable. A partial list, of electronic 
calculator manufacturers appears 
later i n th e /cha pter . .. 



The el^ctrrfnic calculators which are pro- 
gramable can solve problems that are pretty 
complex. Foe example, the Hewlett Pa/dtard______ 

9100»B cai/ solve a twelve by twelve determin- 
ant • A sample problem on solving a^two-node 
circuit in the Wang 360 is illustrated ip 
a later/section of this chapter, 

■■ ■ * ' — 

V^phtAal^quipmznt can be obtained for 1 ^ curriculMm as poss ible] The setqndsemes 
some efectronic calculators such as paper '^Tter'or 3rd quarter of the* first ye ar/is sat- 
prin/ers, card readers, plotters, etc. It may / lsfactory# ^ language shouM be a users' 
be possible to^have* several keyboard terminals / i angua ge which is fairly versatile for pef- 



in remote locations that operate off of one j 
main brain. .One such system is the Wang 30G s 
series . 

main qdvantagzi of an - electronic 
calculator are that they are relatively in- 
expensive- as dompared to a large computer 
and they are ( asyJfcQr ,. ,.Shfc..s$udenS to use; nQ — 
special language is t required, )' 

In order |tor electronic calculators to 
be used effectively, they must be available 
for student use. Placement in the laboratory' 
.whejpe students a»e spending much" time is most 
i effective. They must be located close to the 
area "of study so that the student may at any 
time work a problem using the calculator if 
he so desires. T/ie main point o&Qinphat>i& <U> 
that tlio. btudvti Is obit to exp£oic #te <te- 
v<Uopmz)it 0(( a coiicep* iwJtixout becoming hung- 
up ivith tht mdtiiQ.ma£icat> manipulation* . 



COMPUTER PROGRAMMING 

E<ich year the engineering technician is 
working ,more~and more with solving problems 
using the comnuter and will increasingly be- 
come more inv lved in the future. It i" high- 
ly doubtful that a techniciait-can go to work 
I 

in industry and in some way not be around a _ 
computer facility. To^ prepare the technician 
"TTor work, the electronics technology curric- 
ulum must take into account new ways for solv 
mg old problems and the host of new prob- 
— terns- which have arisen. ^ ^ 4 

At Zzabt onz'counAz in computik piogtjim- 
mulg 6houtd be requited in tixz tttiQ-tjavi \JLtc- 
VionicA cuAAiculum. The course should be' 
' offered in the first year so that the student 
— c£n use thTe computer as a tool /n as much of 



/ 
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forming scientific calculations but whichVare 
"also easy to learn. Basic and Fortran would 
be good in the first year and perhaps a- little 
bit of ECAP (Electronic Circuit Analysis Pro- 
gram). This is a difficult course to teach 
because of the student? mathematical" back- 
ground in tjie first year. U must be 1 taught 
the first year to be of much value to the stu- 
dent . : 

The course in computer programming con- 
sists of a- large amount of. detailed instruct^ 1 
ions and should be presented precisely and 
thoroughly in the basic fundamentals. TTjis 
course can probably be taught' best by an tin- 
struck or/ With a knowledgeable background \n 
computer science but \*ith*the full cooperaV 
ibiTLof the electronics staff* A course out- 
line, for such a course appears lat*?r 
.in the chapiter , 

Two-year Electronic technology students 
s'uiilii not be expected to become experts in 
programming, but lather they should be able 
to'gain sufficient programming ktcv ledge to 
maicfc effectiye use of the computer in problen. 
Soiving, ^simple -design,, data reduction and - 
tabulation, mod£l simulation, and repetitive, 
tine- consuming calculations which student* 
soften,, refer ^to'as busy work. 

It is quite important that the computer 
facility mys£ be readily available for use by 
the stuclenfcs* Tfce computdA bhontd 02. ion -the 
Jtudtrvt, \wt #ie ackrAtii&t'iaZion. Also, turn- 
around tim^ should be in the 4 order of seconds 
or minutes, "not hours. The student should 
have- immediate results. 

StuVEWS, CALCULtfQZS, A!W COMPUTERS • • 

Lot's take a look at what computers and 
calculators have to offer for the student. 

1. Student^ comprehension and in- 
tuitive understanding can be devel- 
oped. 

2. Stresses the logical structure of 
concepts that encourages intuitive 



ability rather than jiote skills. 

3. Develops a logical approach to 
problem solution. 

4. Many concepts can be developed and - 
demonstrated that would otherwise 
be very difficult or even impossible 
such as limits, frequency response, 
stability, exponential response, etc. 

5. Students can question the process , 
- change parameters, and observe the 

results of these changes 

6. * Problems that are complex and require 

many hours of calculation can be done 
in microseconds . 

7. No need for the student to manually ° 
perform the monotonous arithmetic over 
and over. 

8. Difficult concepts can be introduced 
1 early. * 

"9~. Enables the student to extend their 
understanding of mathematics and cir- 
cuits which might otherwise be beyond 
their reach. 

bakottaXoMj hi6&iuction 
. 1 . Key concepts of the experiment can 

be reinforced as it is performed. 
2*. Laboratory results can be plotted 
providing visualization of the re- 
lationship between parameters. 

3. The student can compare immediately 
the analysis of experimental data 
with the theoretical programmed 
model . 

4. Circuits caja be designed before the 
student gctfs. into the laboratory. 

5. Tho concepts of linear, non-linear, _ 
etc. can be graphically displayed. 

Jndiv-idwC hu>tzuvtig*i 

1. Students can verify their own 
work, rather than an instructor 
correcting it. 

2. Solve problems without the 
supervision an instructor. 

3. Students can work at their 
own pace. 
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4. A supplement to classroom 
instruction. 

5. Increase student motivation < 

and interest'. % 

• ■% 

In solving any kind M problem, a comput- 
er is helpless until iK has been fciven a de- 
tailed set of instructions. The computer can 
riot figure out how to solve the problem* All 
it can do is Slavishly follow directions step- 
by r step until x the job is completed. The stu- 
dent must understand the problem compietely 
before he can instruct the computer to solve 
; the problem. l£ the- student does not know bow 
to solve the problem; the -co'mputer will be of 
jnp value to .hint. 

ECAP v , 

A special Computer program package &nown 
as EdU^Electro'nitf Circuit Analysis Program) 
has the convenience of "being e.nsy to program 
&ut the disadvantage of. requiring 0 large 
amount J><^eomp£ter core memory in order to 
utilize a full ECAP package, Soine modified 
.packages may v be available. Consult your IBM 
representative Regarding modified packages 
that may fit your system. 

ECXP is based on nodal analysis and has 
capability for PC 4 AC and "Transient analysis. 
-ASiy gifpyit or system th>t can be modeled as 
an equivalent electrical circuit can be- solved 
using £tAP> The outputs available are branch 
voltages and currents, node voltages, and 
branch power. These include magnitude and 
phase of Voltages and current on AC analysis. 
3n addition on DC analysis, sensitivities, 
worst case, -and standard deviation are also 
available outputs. Sensitivity is the change 
in response due* to a one jpercent change in 
all circuit -.parameters. Worst case is the 
response -to the extreme specified variations 
of circuit parameters; 

The AC analysis does not contain the 
sensitivity, worst case, or standard deviat- 
ion. The AC' analysis does have the capability 



of producing a nodal admittance 'matrix in the 
output. Both the AC and DC analysis permit 
circuit parameters to he modified within the 
input dat,a list. , 3 

Transient analysis utilizes the same type 
of input data codinf^except the program must 
include a* time^$tepping specification in place 
of the frequency specification used in AC analy- 
sis and does not permit the circuit parameters 
to be modified in the data- input last. * 

the technique used for ECAP programming 
consists mainly of entering the circuit para- 
meters and data. This is done by first estab- 
lishing the circuit model' and defining nodes 
' and-branches. The data is then entered by' 
branch connects', and the parameter value. 
As an example, suppose we have a simple series , 
RLC circuit with an AC voltage source as . 
Shown below. The nodes are indicated by the 
numbers enclosed *€n the square boxes with the 
arrows indicating the referenced di recti on. 
The 'following circuit problem illustrates the 
use of ECAP. 



400 ™v3J5h 




N(0) 

Bl £(0,1) , P. = 400, E = 10/0 
B2 N(l,2) , L = 3E-3 
B3 N(2,0) , C * .2E-6 

FR = 1000 * 

PR, NV„ CA. BP 

EX 

END 

The above program would calculate and 
print out the node voltage^, branch or com- 
ponent currents, and the branch power for the.^ 
above circuit operating at a frequency of 
1,000 cps. Further examples of ECAP programs 
appear in' later sections. 



TIME-SHARE TERMINAL 

Another possibility of computer usage in 
the electronics program besides the desktop 
Electronic Calculator and a large-scale com- 
puter such a$ a 360, is the time-share tele- 
type terminal that is either connected through 
an accoustical coupler and phone line or hand- 
wired to a computer at some other location. 
The teletype terminal is a relatively inexpen- 
sive method to use depending upon your' location. 
For a few dollars an hour, a teletype terminal 
can be operated in an area that has a time- 
share computer available. 

There are many languages that are avail- 
able for the teletype and most are very simple 
ones that require little or no previous prog- 
ramming knowledge. Also, such programs as 
ECAP or variations of ECAP may be available. 
Additional P&upheAal equipment "is also avail- 
able such as punch tape readers and printers, 
plotters, etc. For the program on a tight bud- 
get this is one method that desires careful 
consideration. 

What I have tried to do is point out var- 
ious meth~6ds where computers might be used in 
your electronics program from the small elect- 
Tonics calculator to the teletype terminal to 
a large-scale computer. Each has its own ad- 
vantages and disadvantages. I would like to 
recommend that a teletype terminal or a large- 
scale computer be used to introduce the sty- 
dent to computer programming and that a small 
electronic calculator be available in all pro- 
grams for the students to us^e at all times. 

The following are some illustrations as. '« 
to how you might use the computer as a tool in 
your electronics program. Also, sample com- 
puter problems t appear in later sections.' * 

COMPUTER APPLICATION TO ELECTRONICS 

The techniques developed in the circuit 
sequence lend themselves nicely to calculator 
and computer solution. Fpr example during the 
presentation? of Resistive Circuit analysis the 
ideas of use of "the computer as a tool can be 
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developed by giving complete sample programs to 

students,. letting them punch cards and run the 

deck through the computer center or let them 

work with the time-share system.' The idea here 

is to let the problem be one they can readily 

see the answer to by calculation with slide,.- . 
» 

rule and calculator. If this is done once, 
every two weeks, by .the end of the Resistive 
Circuits course they are knowledgeable in the 
area of Key-punch, procedures for running pro- 
grams through the computer center, and inter- 
preting the computer output.- 

Sample program* in Fortran and Basic can 
be run to show mathematical Similarities where 
they exist. At* this time do not use looping 
'and branching just addition, subtraction, mul- 
tiplication, division, exponentation and use 
of built in library functions. 

Running concurrently with the teaching of m 
Single-Time-Constant circuits a course in Pro- 
gramming lends itself to further development of 
ECAP as a powerful tool to do many routine cal- 
culations. For example, the frequency response 
characteristics of RC or RL .circuits ate 'tra- 
ditional ly s o 1 y ed by app lying tKeTBo3e 
plotting technique. 'In ECAP the circuit can 
be simulated and the f requency„stepped through 
a range and the computer output evaluated. 
-Most any forcing function can be approximated 
by ECAP and a piece-wise linear basis and 
applied to the circuit under analysis. 

The techniques using ECAP find most success 
in the first-year program analyzing Passive* 
circuit's, examining node and branch voltage- 
" current and element power dissipation. a 

As students enter the second-year program 
and work into the third circuits course, Net- 
works, they have the means to work out many more 
complicated circuits than could possibly be 
done by brute force and f the slide .rule. How- 
ever, before they approach ECAP at this level 
they mus/t have a feel for the. expected solution 
based upon solution of similar problems of low- 
er order. 

With the study of circuit models in the 



second and third electronics* courses ECAP tech- 
niques can be presented to observe circuit 01 
system response* in terms of expected results. At 
£his point plotting routines can be used for 
circuit anil response. 

The purpose of ECAP is to explore the use of. 
another tool whi^h todays technician will find in 
industry.' One must take great pains to -make the 
learning of the special operating techniques as 
painless as possible. The steady use of this 
tool throughout the two-year program will supply 
the technician, with another saleable skill. The 
objective here is not to make programmers but to 0 
develop/ the use of an additional tool. Upon 
completion of the two-year program the technician 
should'be able to use these -tools effectively: 
1. Capable of working all scales 
on the slide rule. 
-2. Capable of working the key- 
board functions displayed 
■ " 6i\ a electronic calculator. 
3v Capable of working with a 
- ~ capable Programmer or < , 

"Engineer knowledgeable }n 
the^languag gs. He sh ould 



be-able -to -handle routine 
procedure, interpret results 
and offer constructive comments 
\ in -discussion of the problem. 



VESK-TQ? VIGITAL CALCULATOR MANUFACTURERS 



Cintra Physics Company 
440 Logue/Avenue 

. Mountain 1 View, California 94040 

■ Digital Equipment Corporation 
146 Main Street 
Mayriard, Massachusetts 01754 

Eldorado Electrodata Corporation 

601" Chalomar- Road 

Concord, California 94520 

Friden Corporation 

2350 Washington Avenue 

San Leandro, California 9,4577 

/Hewlett Packard* Company 
r ' 14dl"Page Mill Road 
Palo Alto, California 94304 



, I ME Systems 
7800 Riner Road 

North Bergen; New Jersey 07047 

Logic Corporation • 
15 East Euclid Avenue 
Haddonfield, New Jersey 07033 

Monroe 

550 Central Avenue 
Orange, New Jersey* 07050 

Sony Corporation 
401 Carol Circle 
El Segundo, California 90254 - 

Victor Comptometer Corporation 
3900 N. Rockwell Street 
Chicago, Illinois 60001 

Wang Laboratory 

836 North Street 

Tweksburg, Massachusetts 01876 




Calculator — HP 9100 — 




WANG MODEL 700A 



The above picture was taken at HaTper College and illustrates how calculators and computers 
can be used in two-year electronics programs. The calculators and key .punch arc located 
in one of the electronics labs for convenient student use. Students are free at any time 
to use these /tools for classroom and laboratory calculations. 




A SUGGESTED. COURSE, IN COMPUTER PROGRAMMING 



SUGGESTIONS ' . ./ 

this course ^hould be 50 to* 55 contact hours , 
in .length with additional time for laboratory 
work. as. required. 

# Although this course must remain flexible 
enough- to be adapted to the available computer, 

r it should 'start with an introduction to computers 
ill general and some of their uses . This intro- 
duction* should lead to a presentation of The Pro- 
perties' of the General-Purpose Computer fo? lowed 
;fcy. -an ^ orderly present at ion of" basic computer pro- 
^gramming: Care should be taken in sequencing, so 

/that;use can b.e made' of the compute*^ both this* 
and applicable concurrent courses at the earliest 
-date feasible. " 

Once* the "basic^ programming has been covered 
the use of in-line^and auxiliary systems should 
be presented, ^the remaining time should be spent,.. 
Jm applicable numerical .techniques . Since this 
course is to be offered during the second quarter, 
.or" third- quarter, or second semester * tbp lat- 
est and the available time and class space may 

_yary t several of the topics listed near the end 

~ of : tHe -course -out line are indicated a/s being ' 
optional. 

The minimum, coverage for this course are Sec- 
tions A and B of the course outline." Some of the 
topics in Section C, "Numerical Techniques" and 
Section D, "Optional Topics" may already be part' 
of another course in the curriculum in which case 
they need not be covered in this course. Other 
topics j.n these two sections may have direct app- 
lication in other courses in which case, it may 
be more desirable to transfer tfre presentation of 
such topics to the applicable course for present- 
ation as needed. Such transfer is recommended. 
It is intended that this course be an integrated 
part of the total curriculum with the use of com- 
puter encouraged in as many subject areas as , 
feasible. " / 
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hv&ioduvUon To T/ie Compute* System 

1. The Properties of a General-Purpose 

Computer * 

* a. Move information from one place 

to another and find information 

already stored 

b. Perform basic arithmetic opera- 
tions 

c. Perform tests and decide which 
of two or more possible proced- 
ures to follow, basing such 
decisions on intermediate results 

' which may not be + initially known 

d. To follow a prescribed sequence 
of operations 

e. Change the predetermined sequence 

s of operations to be performed, de- 
pending upon the results of inter- 
mediate operations 
" i\ Perform more complex operations by 
repetition -of basic instructions 
"and tests, possibly modifying the 
instructions in the course of re- 
peat jng-th em- _.r v_ -~-L~ 



2. 



g 



Store in the computer the results n 
of tfiese operations, which may be 
recalled' for later use 

The Organization" of a Modern Computer- 
System , - 

a. Storage elements which hold in- 
formation 

b. Arithmetic and control elements 
which operate on and control the, . 
flow of information 

c. InpMt/output elements which re- 
ceive and display information 

d. Use of operational equipment such ✓ 
as the key punch 

c 

Programming Digital Computers 

a. Machine language 

b. Symbolic language 0 * 



219 * 



Source statement^ 
Source program 



c. Problem-oriented languages 
TflRTRAM PlOQUurmbiQ 

.1.. Elements of FORTRAN-Definition of 
Terms . 

a. FORTRAN .language 9 % 
b. 
c. 

. d. FORTRAN compiler, FORTRAN trans-_ 

iator, FORTRAN processor 
° e. Object program 
2. FORTRAN Arithmetic 

a. Fixed-point and floating-point 
arithmetic 

b . Constants • % ' 

^ c^ Rules governing fixed-point con- 
stants 

/ • s _ 

" d. Rules governing floating-point 
r 

"constants 

(1) Floating-point constants 
with exponents 

(2) Floating-point constants 
. * with exponents 

e. Variables 
• f . Rules governing -fixed-points 

variables 
g. Rules governing floating-point ' 
variables 

_ h. —Relationships among variables, 

coristantsT and" storage r " registers 
3. Arithmetic Operations 
a. Addition 
Subtraction 



6. 



b. 
c. 
d. 
e. 



Multiplication 
Division** * 



5. 



\ 



Exponentiation 
Arithmetic Expressions 
'a.„ priority o^ operations 

b. Order of execution of oper- 
ations „ 

c. Use -of parentheses 

d. / Nesting of parentheses * 
FORTRAN Arithmetic Statements and 
Functions 

a. The arithmetic statement 

b. Mathematical functions 
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Statement Numbers and FORTRAN'; 
Coding . , 

a . Statement 1 numbers 

b. FORTRAN coding form . » 
FORTRAN 'statements 

a. The unconditional GO TO State- 
ment - ' 1 . • 

b. The IF Statement 

c. The TF Statement and inexact 
numbers 



d. The* logical IF Statement 

e. The computed GO TO Statement 

. f . The assigned GO, TO-and- ASSIGN 
Statement '* u C 

g. The CONTINUE Statement 

8. Program Halt "Statement 

a. The PAUSE Statement 

b. the STOP Statement - 

c. The CALL' exit Statement 

d. The END Statement 

9. Input/Output Statements 

a. The READ Statement' ■ • 

b. The WRITF Statement 

\[c. The PRINT Statement _ - 

d. The PUNCH Statement 

e. The FORMAT Statement,. : 

f . Input specifications 

(1) F field . 

(2) E field — ■ . 
■ .(3) I field 

- g. Output specifications* • 

(1) I field t 

(2) F' field ftjf 

(3) E field 

(4) X field 
(f) H field 

10. Subscripted Variables 

a. Arrays 

(1) Representation of 
arrays in -FORTRAN 

(2) * Allowable forms of • • 

.subscripts * 

b. Dimension' statement 

o 

-c. The DO Statement 
(1) General form 



*C >».^30 



. ..(2). .Rules governing the, DO 

statement 
L The CONTINUE Statement 

e. Input/output. of arrays 

(1) ^Use of the implied J)0 

- notation * 

.(2) Input/output operations 
• involving arrays 

(3) Input/output of Jpo- 
dimensional arrays 

(4) Input/output of arrays, 
without subscripts 

f . Use of matrix multiplication 
g; Subroutines 

* (13 Library functions 

(2) ./Built- in" functions 

(3) ^ Arithmetic statement * 
-e func/ions 

(4) Function subprogram 

h. the RETURN Statement- 

i. Subroutine subprograms * 
j . the SUBROUTINE -Statement 
k. The CALL Statement 

-1. % The ENTRY Statement 

The Equivalence and Common Statement 

a. The^ equivalence statement 

. ,(1) Equivalency arrays 
bT "The common statement " • 

(1) The use of dimensions in a 

- COMMON Statement 

(2) . Transmitting .arguments im- 

plicitly between the call- 
ing program and the subpro- 
gram 

(3) Dummy 'variable names in. a 
common statement 

(4) - Interaction between the 

equivalence and the c'ommon 
• . statements 

(5) . Labeled common storage 

■ (6) Use of the labeled COMMON 
Statement 

Other Forms of Input/Output State- 1 

t 

ments * # 
a,. Format specifications 



(I) The A specification ^ 

for ihfmt 
(2J The A specification 

for output 

(3) Jhe 0 specification for 
/ - input 

(4) The 0 specification for 
\ output 

(5) The scale factor for in- 
put 

, (6) The_s^cjile_Ja^c^r_for__Qut 
P ut 

(7) The use of printer car- 
riage control 
b. Format -statements read as data 

13. , Type DECLARATION Statements 

a. Integer 

b. Real, 

•v c. Double Precision 
d. Logical 
e". Complex 

f. External 

g. " Type Declaration for a Func- 

tion Subprogram 

h. Type declaration in a calling 
program * 

i. Data statement 

j . Block data subprogram > 

14. Complex Arithmetic 

a. Complex numbers 

b. FORTPAN representation of 
complex expressions 

c. Input/output of complex 
numbers 

(1) * Library functions of 
, t complex variables 

(2) Allowable forms of' the- 
assignment statement 

1. Computer Solution of Polynomial and 
Transcendential Equations 

a. Half-interval search technique 
(1) Bisection method 

b. Method of iteration 
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• (1) Convergence of the iter- 
^ ation process 



* \(2) 



Methods of speeding con- 
vergence 
cy Method pf false position . 

The NewtonTRaphson Method 
Systems of Linear Equations • 
a. Cramers Rule 

(1) Evaluation of a determinant 

% b. Gauss-Jordan. Elimination Method 

♦ ' (optional)* 1 

c. Gauss-Seidel Method (Optional) 
(1) Convergence of the Gauss- 

* * Seidel Method I * 
.d. Matrix inversion Method 

- Gauss-Elimination Method ' 
H* Quadrature • 

a. The' Trapezoidal Rule 
- b.* Simpson's Rule * 

c. Gaussian Quadrature .(Optional) 

4. Numerical Differentiation (Optional) 
a.' First central-difference 

" bi Second central-difference 
__„c„First. forward-difference " 

d. Second forward-difference 

e. ' First backward-difference 
~f. Second backward- difference 

5. Graphical Solution 

a. Graphical display of data 

♦ 

b. Subroutine for a plot 

Optional Topic* 

1. Logical Operations 
t a. Basic concepts of Boolean Algebra 

b. Postulates of Boolean Algebra 

c? " Definitions 

(1) Idempotehce law 

(2) Commutative law 

(3) Associative law 

(4) Distributive law 

(5) Zero and unity law 

(6) Law of absorption 

(7) Law of involution ' 

(8) Law of complementarity 

(9) De Morgan 1 s Theorems 



\ 



d. Logical constants 

e. - Logical variables' 
fu Logical expressions; 

# g. Relational operators 

h . Logical operators 

i. Precedence of operators 
j. Logical assignment state- 

° ments 

• k. fnput/output of logical*, 
quantities 
1. » The-Jogical'if statement 

2. Double Precision^Optional) 

a. ' Double-precision variables 

and expressions 

b. Double-precision constants* 
.c. '.Double-precision functions 

(l)- - Library functions 
d. Input/output of double-pre- 
cision constants 

3. Magnetic tape input/output 
v a. Magnetic tape input 

b. Magnetic tape output 

c. Input/output of binary 
information 

d. The binary write' :: statement 

e. The binary read statement 
f*. Auxiliary magnetic tape 

\ instructions. 
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SAMPLE PROBLEMS. USING ELECTRONIC CAIXJLJLATOR 



WDdM^M POWER TRANSFER 



a»a-a 
.•a* a # 
*«a .# 

a-&# 
#«a #-.a 
•a*a-A * 

#*a * a 
*»a,a * 



a»* 

S-S 
*«a 

:a«tj 



a 



*»aia 
#*a-a. 
a->a * 
-*»a a 

a...a a 
.a* a- a a 
a-a' a a 
•a-a a. a 
a -a a bj 
a-a a a 1 - 
a«a a> a • 
•a-a a a 
a»a a a. 
.a-a* a a 



1 ^ > >g — 
a-a a^aa-a 
a- a a t't-'t 
a- a a- a a- a 
a-e- a aa«a 
a.-'a a a a-a 
a-a -a a a«a 
a-a a a a».± 
a-a a a a-t 
a-a a-a a*t 
a-a** a a»a 



r 




a-a 0;n c»r 

a-a a a a»a 
a»a a a a««r 
a-a a a a-a 
a»a a a a-a 
a-a a a a»a 



•Ji at -A* -i» 'A. ~ 
,11., .a ^ ju ^ 



^WASG LABORATOAlCS. INC 



T£WK$e0RY, MASS. 



register (0) - 
>. Enter the value, pf R^ in memory. 
■ rogxs.ter (1) . 
/ 3*. Insert'theprogVam card into~the 

/ ..reader^ 
. ,4. Push "Start" on the card reader.- 
5. ype in a value of on tne * e y" 



board. 



6. Push "Continue" on the card reader. 

7. Record R^ which appears on the '* 
digital read- out. 

8. Retunvtc*£tep 4 and recycle* pro- 

. gram with another yahie ojF 4 R^ _, Do- 
thi r s as many times as yo,u lake. 

SQ'IVING A THREE-HOVE RESISTIVE CIRMt — N 



Ri A ^4 



(2) "i v AN 4 ( VVV V " = 



* • 1 




Given the above circuit, find the INEVENIP 
equivalent circuit to the icft of R* and then 
calculate the power transfered to for one 
•particular value. .Establish the method that you 
used. and then obtain the program card from your 
instructor for*the Wang Model 360 Calculator v and 
find the power transfered to R^ over the specif- 
ied range. Piot the power transfered to R^and 
.determine when it is maximum." 

** The following is the procedure to use. 4 
T. Enter the value of in memory 



TJic solution for the node, Voltages, and 
V BN' a PP ears ^ coded form on the' following page, 
This program solves, tlie two' above equations by; 

multipl/ing the firs4; equation by the coeffici- 

* "x • «* . 
ent of V, v ., from the second equation and multi- 
BN . * 

plying the second equation by the ,coe*ff icient 
of V' from the first equation and then solving 
for V^. After, solving for V^, it is then sub- 
stituted back into the first equation to obtain 
the value of V D .,. 
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;Bef6re Starting; , 

Clejtr all*. stoW R $ in Right Adder, R 4 *in 

Register, i 9 R 3 ; in Register 2, R 2 in Register 1, 



and _Rj in, Register 0. 



Aften~the first; Stop: 

« Store E 2 f in Register 2, index 'and enter, By 



Afte.r/ihe Second Stop: 

Record y VAN x 
After the Third Stpp: 
* 1 Record VBN 
/End of Program ■ 



No. 


Cmd 


Code • 


Continent ^ 


Jo 


Cmd 


Codt 


Comment | 


0Q. 

or 


AL 


• S6 




10 

<1 •' 


FNTFR 


.51 - 




02 


RE 2 . 


46— 


> * 










03 


^* 


47 




* J 


f L AL . 


54 * 




04 


AL 


1 




44 


AL . 






05" 


RE 3 


17 


Y 9 


AC 
™ 3 




17 




06 




47 




*0 


•2' 


-4£ — 




07 


A" 




Y — : 

'oefV VANt 


47 


CT 1 


-11 ■ 




08 


RE AR. 


51 * 


\ 




RF AR 


■SI ' 




Or 




47 * 




49 


PMTPR 


a I 




\& 


CL AR | 


c;n 




50 


BF i_ 


/ 

-17— 


— : v. 


i r 


AR ! 


S2 


\.' 

. ■ \ 


5) 


Y« 


4A 




12 


| 

RE W .; 


17 




52 




—ii 




13 


t a i 


47 




53 


^R£— 1 — 


i IS 




14 


tof — , 






54 


T.AIi 


-52 




15 


RE 1 


15 




55 


R£ 0.-, 


U .1 




16 


• 


47 




Ci 


CI Aft 


--40 — 




17 


AR 


52 


:oef. VBN 2 -j 




AO- 


-52 




18 


RE 3 


17 - 




58 


.RE 2 — 


-Jj6 — 




19 


* • — 

• • 


*47 


• 


59 


-ad 






20 


CH SI 


• 

77* 


Ov 


ENTER 


41 




«" 


ST 3 


1T fcoef. VBNj 


41 
0 1 


RE AL 






22 


STOP " 


01 


Store .b^ 
Enter El * 


°v 








?3 


rr 'o * 


V4 _ 




63 


■STOP 




-VAN 




47 




AA 
O* 


ENTER- 


41 


i < 


25 


st n 






09 


RE 5 


' IS 




26 


. RE AR ! $1 




OO 






» 


27 


- ENTER ! 41 




0 / 


CH SI 


-Z7 


C ' 

. — - — V 


>28" 


iip n | 14 


i - 


Aft 

OO 


CL AL 


. 54*_ 


• * i 


29 


XS | 46 




69 








10 


ST O [ jo • 


i 


TP 


.RP 1 






. 31 


DP 7 ! .16 < 




71 


AL ^- 


S6 




M 


ENTER 1 41 


i ' • 


72 


- "PMTTD 






u 


RE 1. S 15 


! . ■,<- 


•73 


-,dp * ? M7 ! 




?: d7 




74 


T - t .< 




35 


* ENTER 


41 




75 


. STOC— 


.-ill— 


: VRN ^ 


36 


RE 3 


• 17 




76 






; THE END- 


37 




4$ 


: r^l 


77 








38 


ST 2 






71 


• 






39 


RE AL 






7? 









ftrogram^ode 



300-360 Operation 



Stop 

Store RcgrO 

Store Reg I- 

Store Reg 2 

Store Reg 3 

Recall Reg 0 
B Recall Reg I 
t Recall Reg 2 • 

Recall Reg 3 
•* Enter 

LogeX • 

ex . 

x=> 

Clear flight Adder 
Recall Right Adder 
' + Right ^ddoj 

- Right Adder 

• Clear Left Adder 

, Recall Left Adder 
+ .Heft Aodet 

- Left Adder? '* 
Numeral 0 
Numeral I • „ , 
Numeral 2 , 
Numeral 3 
Numeral 4 
Numeral f 
Numeral 6 
■Numeral 7 

* 'Numeral 8 
Numeral f f 

' Decimal Point 
Clear Display ■ 
Change Sign 



IC 



28S 



FORTR 



In iv. 



PROGRAM FOR P«£SE ELECTRONICS 



WR1TEU>6) 



-2*— FORMAT I •!% •PULSE ELECTRONICS 1 *! - 
Ll ' 10 WRITFI6.201 ! - 



20 FORMAT! TlOt' THF OUTPUT ACROSS THE OIODE OF A CLIPPING CIRCUIT WITH 
AA SINE WAVEyOlPd?^//T15tMNPUT V OLTAGE « IQSINt W7 P //// > 



.5 
6' 



•7/ 
-fll 



40 

_5jO^_ 

_23_ 



WRITE(6«60 

FORMAT f >0' »T24« * ANGL E ( PEG ) * ♦ T46 t 'SIN( WT) ' y T67 f «E OUTM 
FORMAT! • >'tTl0f' ASSUHE IDEAL OIODEM 
'MR it EM "6 •SOI < - 



9 

JJL 



80 

is. 



DO 160- 1*1,36 
PEG m Io .0»|. 



400 

JLS5_ 



X»DEG*0.0174532925 
A«SIN(X> 



■iia E»10*A. \ 
120 IFrEli30.i40.i40 




tsrr wo E^OiO 

-16' US ~WRITEt6.150)pEG.A.E „ _ 

17 150/ FORMAT (T26 ,ff8.2,T45 f Fl 0.7, T65.F10. 31 . " 

18 i60:^CbNT » * 

,19: I70f VJlRITEf 6Jlrfgi / : . , 

2Qr 180- «fFORMATI' l« .TIP.' ASSUME FORWARD RESISTANCE « 1 /10 OF TOTAL CIRCUI T 



>1 190 



^RESISTANCE'! 
- WITg(6 f SaJL 



22 200 v DO 280 .1*1,36 

23 210 PEG -lO.O*! 

-?X. - 220 X«DFG*0.017«32925 

25^ 230 A»SiNCXI 



26 .* 240- 5 E=*10*A • 

27 250 ./IFIE > 260.270.270 
^28 260.. E»E*0.l 

2 9 270 WRITFI6. 1S0n)EG.A.E 

.30 *280 CONTINUE* 
31 290 - MRITE^OO! 



• 32 300 FORMATf'l' ,TlO f 'ASSUME FORWARD RESISTANCE * 1/.10 OF TOTAL 

RRF S 1STA NCEVTE7, 'RE VERSE RESISTANCE = 9/10 OF THE TOTAL C 

" RR65ISTANCE') 

J» iHiL-j^Mei6 t 56) . 1 • _ I - 



CIRCUI1 
IRCUIT 




DO 430 1*1,36 
PEG * 10.O»l 



X»PEG*0.0174532925 
A* StNtXl 



E*10*A 
IF (E) 380. 42 0.400 



E*E*0.l 

GO TO 420 



—46 
47 



400 



E=E">0.9 
ClO TO 42 0^ 



44, 429 WRITE(6,150)DEG,A,F 
45 430 CONTINUE 



440 



STOP 
END 



J>ULSE_ELJECTRON!CS _ . ' ' • 

r THE OUTPUT ACROSS THE DfODE^ A CLfPPypG C IRCUIT. WITHA SINE WAVE INPUT 



ASSUME I OPAL DIODE 







ANGLE { DEGJ 
10.00 




STNIWT1 
0.1736481 . 


E OUT 

1.736 


\ 


• « 


20. 00 
30.00 
40.00 




O.j^cOcOl 
0.4°*9999 
0.6427876 


5.000 
6.42.8 


t 


»> 


50.00 . 
60.00 
70.00 
BO. 00 
90.00 
1*00.00 


0 


0.7660444 
0.8660253 
0*9,396925 

0. Jrn%oO f / 

0.9999999 % 
0.9848078 


7.660 
8.660 
9.397 
O fti* A 

. 10.000 
9.848 


4 




110.00 
120.00 

ion a a 

1 L. A A A 

140.00 

150.00 
160.00 




. 0.9396927 • 
0.8660256 

O.O^C fnf7 

0.5000.004 
0.3420206 


9.397. 
8.660 

f « OOU 
O. *m o 

5*000" 

* 3.420 


i 
> 


7 


* t m a a 
170.00 

180.00 

190.00 

*> nn a a 
200.00 

210.00. . 




a i 71A^fl7 

0.0000006 
-0W736475 

— 11. 

-0.~4999993 


1 - 7*o 
0.000 
0*000 
n nnn 

u»UUU 

0.000 






*. 2^0.00 




- -6.6427870 


o.joq 






230.00 
240*00 
* 250.00 




-0.7.660439 
-0.8660250 
-0.9396923 


^0.000 4 
0.0OP . 
0.000 


/ 

j 




260. 00 
270.00 

4QA A A 
C. Oil. 'Ml 




a no/ ami. 

— 0.984H07& 
-0.9999999 


A AAA 

u«uuu 
0.000 
0.000 


t 

I 

I 




290.00 
300.00 
- . -310.00 
320.00 
330.00* 
340.00 




-0.9396926 

-0.8660254- 

-0.7660445 

-0.6427877 

-0.5000001 

-0.3420203 


0.000 " 

0.000 

0.000 

0.000. 

0.000 

0*000 






. 350.00 . 
360.00 




-0.1736484 
- -0.0000003 


0.000 
0.000 



■ % r. 




• ASSUME FORWARD RF.S1 ST ANC.E. '= ,1 f\ 0 OF TOTAL CIRCUIT RESISTANCE 





ANGLF ( DF-GI ✓ * 


siNtim 




w , 


w*op/ . v- 

, 20.JTO 
30.00 
4*0.00 
/^O.OO * 
/ 60.00 


0.1736481 
0.3420201 
0.4999999 
0.6427876 
"6. 766 0444 
0.8660253 


. - 1.736 
3.420 
5.000 
6.428 
7.660 
8.660 




7P.0G 

• „ 50.00^ .-. _ 

90*00 • - 

100.00 
110.00 
120.<*0 


0.9396925 
0.9848077 
0.9999999 
0.9848078 
0.9396927 
0.8660256 


9.397 
9.848 
10.000 
, 9.848 
9.397 
8.660 




130*00 
140.00 
150/00 
160.00 
.170.00 
. 1 80.00 


0.7660447 
0.6427879 
0.5000004 
■ 0.3420206 
0.t73648? 
- 0.0000006 


7.660 
6.428 
5.000 
3.420 
1.736 
0.000 
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" 190.00 ' *-0.l73647C . . -6*17$ 

^J0j)i Q0 . _ -0.3420194 _ -0.342 , 

210.00 . -0*4999993 -6.900 

22"o.0b r0*6<4?7870 -0. 643 

230.00 -0.766 043 9. -0 . 766 

• -240.00 -0 .6*6.02 50 ' -0. 866 



250.00 -0.939*923 " * -6.940 

260._00 % * -0.9848076 * -0.9,85 

?70.00 • -0.9949*99 -i.000 

.280.00 . . -0.^*3077 -0.985 

290.00. - -6.9396926 -0.940 

300.00 -0.3660254 , -0*866 

310.00 -0.76604457 -0.766* 

..370.00 f -0^6427877 -»0.643. 

"330.00 -0.5000001 -0.500 

340.00 -0*3420203 -»0-342 

350.00 -0.1736484- -0*174 

- 360-00 -0.00000 03 -0.000 



•ASSUME FORWARD RESISTANCE 
REVERSE RFSIJSTANCF 



1/10 OF TOTAL CIRCUIT RFSISTANCE 

9/10 OF THE' TOTAL CIRCUIT RESISTANCE 



ANGLE (DEG) 
10.00 
- 2p.00 
30.00 
- " ~ 40.00 
50.00 



60.00 
70.00 
80.00 
90.00 
100.00 
1 10.00 



120.00 
130.00 
140.00 
150.00 
160.00 
170.00 



1,80.00 
190.00 
700.00 
710.00 
220.00 
230.00 



740.00 
250.00 
760.00 
2 70,00 
780.00 
290.00 
300.00 
310.00 
320.00 
330.00 
340.00 
350.00 



SINCWT) 

0.1736481 

0.3420201 

0.4999999 

0.6427876 

0.7660444 



0.8660253 
0.9396925 
0.9848077 
0.9999999 
0.9848078 
0.9396927 



0.8660756 
0.7660447 
0.6427879 
0.5000004 
0.3420206 
0.1736487 



360.00 



0.'0000006 
-0.1736475 
-0.3420194 
-0.4999993 
-0.6427870 
-0.7660439 
-0^.8660250 
-0.9396923 
-0.9848076 
-0.9999999 
-0.'9848077 
^0.9396926 
-0.866Q754 
-0.7660445 
-0.6427877 
-0.5000001 
-0.3420203 
-0.1736484 

-0.6660003 



E OUT 

1.563 
3.078 
4.500 
5.785 

_6±.894_ 

7.794 
8.457 
8.863 

t> 9.000 
8. 863 
8 .457 
7.794 
. 6.894 
* 5.785 
4.500 
3.078 
11T563 



0.000 
-0.174 
-0.342 
-6.500 
-0.643 
-0.J66 
" -0.866~ 
-0.940 
-0.985 
-1.000 
-0.985 
-0.940. 
-0.866 
-0,766 
-0.641 
-6.500 
-0.342 
-0.17* 

-o.ooo. 
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• \ FORTRAN IV. PROGRAM TO CALCULATE BIASING RESISTANCE 



0001- 

boo2- ; 
. , 0003 - 

0004 




10 


RFAL** .ICtMt IC1 

7EA0I5.10) VCCtVCF,VHr,*FT'V,lCt IC1 , ; 

W3HF4.6.10) VCCt VCFtVilFt ^FTAt ICj ICU 

Fl)RMATC4^I0.?»2Fl5«?i " *- 


0005 

: .0006 - 


r. 

X 


2) 


WKUf;(6t20) . - > . 

FHHMAT ( f L f tTH. ,r : f • T 1 1> • 1 xf 1 f T5b f f <M. f t T79» *ft 1 * t T 100 [y *R , 






OO LOHP TT |Mp3f,lFM THF STABILITY FACTGR(S) 


*0007 


c 




N = SFTA/10."- * 


f • 0008 
' . 0009 


.c 
c 




no 100^=5.^ „ 

S = J . . . . 

i nnp Tn !.iCpf^,\t RF * ' - 


0010 


c 


- 


00 100 I=S0')t500O f 500 . x - " 


0011 

I 0012 
^ 00 \\ 

: odi4- 


c 
c 




S = ?>*- TA f r/iiPl TA irO = (&FTA+1* ) ( U**.JME)/(i.*BETA*Rll/REJ 

X = R<VRE ■ - 
¥«|:jfSTA*|.-l*n.-^/IS-til£TA*-l.*)) 

ra=x*re ; . : - : • 

l*=UC - ICHMWSTAM . ) l/i'ETA 


: ' 001* 


c 
c 
c 




VTH = VCC*^2/(Rl+ r l2). . _ 1 , 

R3=*TH=Rl*R2/(Pl*a2> 

SOLVING THF .LAST T*H fOUATIONS S i«'ILT ANeOUSt Y YIELDS TH? 
r FALLOWING FJrf % A^n FOR R2 7 


0016 
00 w 


c 

c 
c 
c 




Rl=VCC*Kfl/VTH " _ _ — 

R?=VTH*R1 /( VCC-VTH) 




FOR LAKGf: ftFTAt IC l c >' APPROXIMATELY = TO IF AND THE FOLLOWING 
f cotlATIfJM- HOLDS 


ooia 

0019 
0070 ' 
0021 
00?? 




50 
100 


RL=(VCC-.VCE)/tC - R*- _ * — . — - ' - 

WRlTF(6 f r >0) S.RF .RLtRl #R2 ...a. 
FO"M*Tf tTlO-Ffc-l.T-iO.F 10.2. T50.F 10.2, T70,F 15.2, T95.Fl 0,2) 

CONTINUF . • - 

STOP : : = 


0023' 






END 




FORTRAN IV PROGRAM FOR SQUARE WAVE SYNTHESIS. 



OOOl DlMfcNS ION Y(6^ t 29^L(29)tAn.85.6| f TIME(l856},T^K(2liTY(2l f 

0002. 9 * F0««4Ti'0«V f PERIOD = »IPE1U4) 

0003 10 FORMAT (3F20.6) 

1)004 ; 50 FORMAT"'! *l» # .T9 f <ZtT22 t T7 t n6 f f2, T50iI2tT6^,A2 f T78tIZt 19Z 

L ^ CT107,I2, T121 # 12 I 

0005 ^ li FORMAT ( 21 1PE 14.4) ) 

0006 I? FORMAT (9( lPEi^«4)) . 

0007 '* READ (5,10) AMPLI, DCVAL, FREQ 

0008 * — WRITE (6,10) AMPLIy DCVAL y FREQ 



CC291 



7T2< 



0009 
0010 

ob i i * 

0012 . 

6oi3 
00 u 



13 



PERIOO = l.O/FR£Q ^ 
WRJTEjT6,9) PERIOD . ; _ _ 

T = PERI0D / 64.0 

FORMAT ( , 0», • TIME-INT FRVAL I S» ,1PF 1 1 *4, • SECONDS • ) 
WRTTE (6,13,1 T 

TINTVL = 0._0 : * L_ 



0015 \' K = 0 > m 

0016 v^c. DO 50 N"= 1,29. . _ ... 

£01 7 .^J#; L(~N) = N ~ - 

001 8 m \ „CTif_^A M fL| -* ABS(SIN(N*3.l4l5?/2. 0)/(N*3. 14159/2.0) ) 

0019 - J DO 20 I = W64 

j)0 20 v • [ TINTVL = I»t ; . - 

" 0CT21 • T IME ( I) = TUJTVL 

0022; . Y( I t N) = DCVAt ♦ C(N) * SI N( N*3 J? Ul 59*2* 0*T INTVL/PER 1004 

0023 ' " " § . • " » 

0024 JIMEJKJ=K*T . ; . \ , . 

Q025 NM If N- 1 ' 



,0027 


: 18 


Y(I,N> = Y(I,N) ♦ Y(l,NMl) 








0028 




A<K)=YU,N)* 








0029 


20 ; 


. CONTINUE 








' 0030 




CONTINUE / 








bo a 




DO 25 J=i,64 








0032 


25 


A(j)= Y(j.,n 









0033 

P034 

0035 

0036^ 

0037 

0038 



WRITE (6,40) (L(N),N=1,9) 

WRUE J6, 12X (Y( I,J),j= I, 9)^,1=1,64) 

WRITE (6,40) (L(N)>N = 10»18) 

WRITE 16i T12) ( i Y( l'r;J) t J=i0,l8) ,1= 1,64) 

'WRITE (6,40) (L(Ni,N=19,27) 

WRITE (6,12) ( (Yd, J) ,J*1 9, 27), 1= 1,64)" 



0039 
0040, 
0041 
0042 



WRITE (6,40) (L(N) ,N=28,29) 
WRJT§ (6,11) ( ( Y ( I , J I , J=2ft ,29 ) , I : 
WR1 TF('6 f 12)( TIMEIK>,K*1,1856) 
WRITE (6.12) (A(K).K = ia856) 



1,64) 



0043 *^<ru 



0044 #) 

0045 CdUjfe M 

0046 # J 

0047 A*4?C 
0048^ 

0049 



CALL CCP4SC ( TIME, 34.0, 1408, 1, TX) 



0050 



CALL CCP*SC ,(A, 8.0, 1856, 1, TY) 
_C A L LjCC P I P L JO. 5, 0.5,- 3 ) 

CALL C CP 5 AX ( 6 . 67~0 . 0, • T fME %-4, 34. 0,6. 0, f X) 

ALL X CP 5 AX (0.0,0.0,,* A* ,1 ,8.0,90.CjTY ) 
CALL CCP6LN ( T IME t A ,14 08, 1 , TX, TY) 
CALL CCP1PL (11.0,0.0,-3) 



?TQP 
END 
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SOLVING^ A COMPLEX NETWORK *WITH FORTRAN IV. 



. oocz 



tlfFKSUK MICtlCIt XM C) 



1-3 1 C, J? ; % * * : _ 



CCC3 

CCC5" 
OGC* 



1C1 



PEACI5 tlQI ) ^ 
FCBFATI I5tFlC!) 



NP1 

NK1 b K 



;4 



GCC7 



111 



ccc9 - 

CCIO 

Torj 

0012 



RFAU5tlll>' Elt E2.« ,E3f Zit Z2t Z3t 
F 0 P M A T ( .6 F 1 0 % 7J g g 1 _ 0_* 7 / 6 F 1 C » 2 / * F 1 C . 2 ) 

?1 



Z6 f . Z7, Z8, Z9 



WRITFlfctlin Elt 
Mltl) = 1./21 ♦ 



F2t F 3 1 



a<l«2| = -U./Z5 

tn,*) = nwic.c»c,c). 



/Z2 ♦ 1 . ✓ 7 ^ 



Z2t Z3 t Z«. Z5, Z6t 27 1 Z3».Z9 
4 1./Z5 • . 



CC13 
CC14 



Ml tM = El/ 21 - 
'M2tll = A C 1 9 2 > 



E2/Z2 



0015 
CC16_ 
C 0 1 7 
00 18 



M2t2). '= 1./Z2- ♦ 
M2»3) = -1 ,7?7 ' 



1./Z5 l./Zt ♦ 1./Z7 



M2t4)- 
M*tl1 



F2/22 . 

cmxic *OtO»c) 



XC1.9- ». 
0020" 



M3t2) = 
M3.?) = 



AC2 t 31 
1./23M 



1 ./Z7 1./Z8 ♦ l./Zc 



0C21 
CC22 



AC 3 1 
K = 



= E3/Z3 



0023 
CC24 



121 



K = K ♦ 1 
AKAX = C.C 



-0025- 
CC26 



CO -«'-K-tK — 

1F(A»AX -C*PS</( !»K) )) lUtlrltlrl 



CC27 
C028 



iu tnc = .1 

amax gcaescacitKi) 



CC29* 
00^6 



131 



CfK'TIME - 
IF(irc»FC»K> 



GC 10 151 




CO 1M J = K'tNPl 
STTRF = A(H»J) 



.A<K,J) = A(LCCtJ) 
A(LCCtJ) = SUFE 



HI 
151 



CGNTIME 
P = A(K»K) 



IF (C/»fS(M*H f M I.IT.APTK ) 
00 161 J = K'tNFJ- . 



GC TO 191 



161 



CCNTIM'E 



/ 8 



KP1 = K ♦ 
CP 171 1 ■ 



1 



H PI »N 



CC<3 
0C44 



C = AC I,K> 

CO 171 J = K^Fl 



CCA 5 
CC46. 

~004 7„ 
CCAP 
0049* 

^CC50 



171 



AC f tJ) = MltJ) - 
CPNT IMF 



C * MK,J) 



X IF { K #L T ;N- 1 ) GC 10 121 
^ IF(CAPS(MN»M KIT. AM*) 



fr^N) = AJNtKPl) /MNfM 



'GC51 



0053- 




CC TO !**f 



^ 



NP1 ) 



J> 



CC54 
C055 



CO 1B1 J - J 
MJJ) = XJJJ 



0056 
CC 5j7 

" o c^S* 

00*9 



181 



CfNTIME 
X 1 4 ) = Ml) - 
x (5) * >T7T- 
VRITF(6 9 201) 



CC60 

ecer 

CC€2 



2C1 FCP^AT (/• tVAK" 
1C.3/7J 

191 STfP" 
ENO 




«E AL 
VAB 



VAN 

RFAL 



VEN P^L 
I HAG VPC 



VPN IK AG 
RF^L VRC 



VCN PtAL VCFT 
IHAG»/4Fi0.3) 
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FORTRAN IV PROGRAM TO CALCULATE <£& AND PHASE ANGLE • 
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. * CHAPTER 9 
FACILITIES, INSTRUMENTS AND EQUIPMENT 



The importance oi properly selecting equipment iorthe 

♦ laboratory cannot be o vet- emphasized because the lab is one oi 
the most important elements in the elect/ionics cuMiculum. Caxe- 
iul consideration must be given to laboratory teaching techniques 

.Mi.AP^}d^^f include utilization oi laboratory time 

and equipment, seli- learning methods, selection, purchase, and 
maintenance: oi instruments and equipment, and laboratory facilities 
ior a quality electronics technology program. - 

Included in Chapter 9 axe guidelines and suggestions Ion the 
selection oi laboratory instruments and equipment -with suggested 
^ price ranges and minimum* spectii^jatioYis . Because oi its importance, 
a sepa/vate section oi the chaptei/i is devoted to the selection oi 
^ke-student bench oscilloscope, j Additional materixds oi interest 
is a list o{ technical periocUcoks and catalogs which provide 
excellent sources ion. keehing up-to-date. 

The cost oi equipping a good laboratory facility is expensive. 
As indicated in the chapier, the cost involved ih setting up a new 
technology program will range fapm approximately $100,000 to 
$175,000. AiministAators and oihens responsible ion. allocating 

• fands must be cognizant oi the costs involved and the quality oi 
inst/iuments and equipment needed to achieve a quality elect/ionics 
program. Because oi constantly changing prices, new developments, 

and institutional acquirements, the suggested pnices and speciiications 
should be used only as general guidelines. 
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EQUIPMENT SELECTION 



The laboratory is perhaps the most vital 
.part of the electronics curriculum. The lab- 
oratory is where the student gets ha>vi&-on ex- 
perience with equipment and instrumentation tech- 
niques that he will be using on the job. To have 
good laboratories requires careful and proper 
consideration of curriculum objectives, specifi- 
cations, cost, maintenance, obsolescence, and 
-relevancy to industrial standards.. 

/ 

EQUIPMENT COST AHV CURRICULUM OBJECTIVES 

The level of subject, material covered in 
the curriculum dictates to a high degree the . 
type- and quality of instrumentation and equip- 
ment needed in the laboratory. For example, in 
a service program a less expensive oscilloscope 
might be satisfactory as compared to a more ex- 
pensive scope that might be required for' pulse 
and switching circuits. 

, Many schools have what they call a basic, 
lab and an advance lab with cheaper yet satis- 
factory equipment in the basic lab and better 
equipment in the advanced lab. This division 
generally results in first-year and second-year 
^laboratories which may not necessarily be the 
best?. arrangement. A more logical division might 
be a circuits laboratory and an electronics lab- 
oratory, with additional laboratories as needed, 
depending upon the number of students and option „ 
areas. 

The ETCD Project Staff and Steering Commit- 
tee recommend that each laboratory station be 
equipped with a minimum of equipment as shown in 
Table I. Specifications for this equipment and 
additional equipment are presented later in this 
chapter. Also shown with Table I is a typical 
lab station at Parkland College. 

The above equipment reflects a consensus of 
opinions and are by no means the only items that 
are needed. Also included in this table and in 
following tables is a price range. Let it be 



understood that' these figures are to be used 
only as guidelines in the selection of equip- 
ment and include the following considerations: 

1. There is generally a direct relation- 
ships between the quality o£-eiiuipment 
and the cost. \ 

2. The quality of program is determined 
.to a great extent by the quality of 
equipment. 

3. Equipment necessary to meet the ob- 
jectives of the curriculum can be ac- 

^ complished if equipment is purchased 
in close approximation to the suggested 
price range. 

4. It is highly doubtful that these ob- 
jectives can be met if less money is 

. consistently spent on equipment. 

5. It is not necessary to always buy 
the most expensive, if objectives can 
be^ met by cheaper equipment. 

6. Equipment prices are constantly chang? 
ing, and therefore up-to-date prices 

* should be checked before purchases 
are made. 

T/icAe am no gutting a/iound the, problem that zqiUp 
ping a good eJLe.ctnonicA labofuajtony it> expe.nt>ive.. 
The price range is a guide that gives approximate 
costs involved in setting up or aoclifying elec- 
tronics programs and is included primarily in 
this report to help administrators , with their 
task of allocating funds. 

When funds are unlimited, this may not be a 
major factor of concern, but this is rarely the 
case. Most institutions" are on a pretty tight 
budget, and the cost of equipment is a determin- 
ing factor in the selection of equipment for the 
lab. For example, a measuring instrument should 
be purchased that will be satisfactory, but not 
at such standards that there will be no funds 
left to purchase other vital equipment. It is 
at this point that the instructor must calculate 



fhiantitv 


ITEM Description. 


Price Ranee 


1 . 


Dual-Trace Oscilloscope 


$1800 - $2800 


. • i-. ' 


Function Generator 


. $325 - $800 


l 


..Pulse Generator 


■ $380 - $550 • 


-.1 


'Low Voltage Power Supply 


• $150 - $300 ■ 


i 


Vo 1 t-Ohm-Mi 11 i ame t er 


$80 - $230 




t 

■ ' v ■ / TOTAL. 


• $2735 - $4680 



TABLE IT Suggested Equipment for Each Laboratory Station 




Here,, an electronics student at Parkland College demonstrates some of the laboratory equipment that 
he uses. You are welcome to tour the electronics facilities at Parkland at any time. The eiec- m 
tronics department is located in Science Annex I, 1615 West Springfield, Champaign, Illinois. 
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cost vers.us budget* It is the instructor's re- 
sponsibility to decide whether a compromise can 
be reached* As a. general rule, it is better to. 
complete equipment needs in one area rather than 
to spread out too thin in all areas. By careful 
planning, necessary equipment' purchases can be 
completed over a period of time to coincide with 
budget management. . 

An instructor must weigh the cost factors 
with the greatest care. He many need to release 
some of his own selfish desires to purchase ex- 
otic equipment that may be expensive and unique 
for equipment that is more practical and benefi- 
cial to the entire program. The instructor must 
be a wise buyer— but this does not mean to buy 
inadequate equipment. 

the following three tables are suggested 
equipment for two laboratory areas, each designed 
for ten stations. Table II contains suggested 
equipment for a circuits laboratory; Table III 
for an electronics laboratory; and Table IV sug- 
gests additional equipment for both lab areas. ' 
The lists do not include items for specialized 
programs, facilities, or other supporting equip-, 
ment^such as hand tools', drill press, etc. 

The total cost of equipping an -electronics 
technology program, excluding facilities and 
supporting equipment, ranges from approximately 
$96,000 to $176,000. 

* There are several ways that the cost of 
equipping the electronics laboratories can be 
reduced without reducing the quality. It doesn't 
require much analysis to realize that the la.bs 
become expensive when a quantity of a particular 
piece of equipment is purchased. The best meth- 
od to reduce the quantity and still retain the 
quality can be realized through the open- lab 
concept with individualized instruction. For 
example, by using audio- tutorial metijtfcls and 
keeping the lab open longer hours one could re- 
duce the cost by at least half. This technique, 
besides reducing the cost, can also increase the 
effectiveness of the laboratory and provide the 
student with more individual attention. These 
and many more benefits might be gained by doing 



away with the old traditional laboratory methods. 

Other methods to consider in reducing costs 
are rental of equipment and the purchase of used 
equipment % Equipment needed for a short time 
during the school year may be rented for nine or , 
ten percent per month. This allows for the use 
of &£a£<L-o fi-tht-a/it equipment and may be a very 
good method when quantity of a. particular piece 
of equipment is. needed or when a very specialized 
piece is needed. The other method of purchasing 

'4 

used or even rebuilt equipment can result in the • 
purchase of better quality than could otherwise 
be afforded. .Also, considerable savings can be ^ 
realized by purchasing equipment . from industry 
that is used but still in very good condition. 

equipment specifications - 

To purchase satisfactory equipment requires 
that the instructor be able to understand and 
work with specifications effectively. To clear 
all of the red tape that is generally necessary 
and to receive the original equipment desired 
requires that the specifications be written with 
such precision that no lesser quality equipment 
will be purchased. Table V presents general 
specifications for the type of equipment desired 
for this level of program. A later section. of 
this chapter is devoted especially to the oscil- 
. loscope becaufs of its importance. \ 

The beginning student initially enters. the 
program with little or no background in elec- 
tronics. When he enters the laboratory for the 
first time and begins to make measurements, his 
skills and ability to measure correctly -are 
based upon his own innate or personal experi- 
ences that he brings with him to the lab. How 
good he will become at measuring and developing 
the, skills necessary for the type of employment 
he seeks will be primarily limited by the speci- 
fications and flexibility of the instruments he 
will use in the laboratory. Hie limiting factors 
built into the instruments eventually become the 
common denominator fur learning in the labora- 
tory. 
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"A 








Price 


Range 




• - ' ! 


■.Quantity 


Description 


lUnit 


Subtotal 


Unit 


Subtotal 


- - l 


. 10 ■* '•; 


Oscilloscope 


$1800 


$18000 


$2800 ' 


$28000 


- 


V " 10 . 

\ •' 


Function Generator 


$ 325 


$ 3250 


$ 800 


$ 8000 




10 

• " \ 


Pulse Generator ' 


$ 380 


$ 3800 


$.550 


$ 5500 ; 




l' 20 . ^ 


^ Low Voltage Power Supply 


$ 150 


$ 3000 


$ 300 


$ 6000" 


_ 5 


10 


^'V^lt-Ohm-Milliameter 


$ 80 


$ 800 


$ 300 


$ 3000. < 




"•' 2 


Digital Volt Meter 


$ 550 


$ 1100 


$1500 


$ 3000 




: 2 


Electronic Counter 


$ 350 


$. 700 


$2200 


$ 4400 




fv 2 . 


RLC Bridge 


$ 450 


$ 900 ' 


$ 800 


$ 1600 




"" 2 


* Waive Analyzer 


$1800 


$ 3600 


$2200 


$ 4400 






X-Y Recorder 


$1800 


$ 3600 


$3300 


$ 6600 


t 


: 1 ' ' 


Vector Impedance Meter 


$1500 


$ 1500" 


$3000 


$ 3000 




'[• / 2 " 


Scope "Camera . * 


^^O 


.$ 700 


$ 800 


$ 1600 ' 


% 


• - 1 


" Curve Tracer 


$1700 


\ $ 1700 


i 

$3100 


$ 3100 






TOTAL 


$11235 


$4-2650 

\ 


$21650 


$78200 






rABLE II'. Suggested Equipment for a Ten-Station 


Circuits Laboratory 


r 
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1 ERJC 


* * 

- . ... - - ../... 






• 





. Quantity .. 


•• Description 

1 /' 


Price m oRange 


Unit Subtotal 


Unit Subtotal- 


10 


! 
1 

• Oscilloscope 1 


$1800 $18000 


$2800 $28000 


10 . , 


Function Generator 


$ 325 $ 3250 


$ 800 $ 8oob; 


• 10 


Pulse Generator ■ ' 


$ 380 $ 3800 


' $ 550. . $ SS00^ 


"20 


1 

Low Voltage Power Supply' 


* •> 

t 

$ 150' $ 3C00 


$ 300 $ 6000: 


• 10 . 


VoltfOhm-Milliameter 


$ 80 $ 800 


$. 300 $ .3000" 


. 2 ' 


Digital Volt Meters 


$ 550 $ 1100 


- £ 

$1500" $ 30 QO. 


• 2 


Electronic Counters 


$ i3S0 $ 700 


$2200 $ 4400 


. . 1 


Transistor Curve Tracer 

• ✓ 


7$ 1700 $• 1700 


$3100 $• 31001 


5 


R-F Sweep Generators 


$1800 $ 9000 


$2500 . $12500: 


. - ' /s . N 


High Voltage Rower Supply* 


$ 250 $ 1250 


$ 650 ' $ 3250; 


i. 


R-F Bridge ' 


$1200 $ 1200 


$1800 1 $ 1800i 


i 


.Distortion Analyzer 


$ 600 $ 600 


$1500 $ 600 


2 


Scope Camera 


$ 350 $ 700 


i " " 

$ 800 $ 1600 




TOTAL 


$9535 $45100 


$18800 $80750 



TABLE III. Suggested Equipment for a Ten-Station Electronics Laboratory 



t 




'. * \ * % " 
• \ -' 






• 








\ 








* 


* 


- — 




" 1 • • 




Price Range 


0 




Quantity 




/ Description • 


Unit 


Subtotal 


.Unit 


Subtotal 


i 

* 1 


i 1 


Tube Tester 


$350- 


$350 


$600 


$600 

« 


y - 


?• 1 


Transistor Tester 


$300 


$300 


$650 


$650 


1 1 


; 2 ' ■ 

'* 


» C 


Capacitor Tester 


$ 50 


$100 


$100 


$200 




20 


* M^croamp Meter 


$ 25 


■ • $500 ■ 


$ 45 


$900 




t ' • 20 


■ i 

Mi Hi amp Meter 


$.25 


$500 


$ 45 


$900 

• - t * 




20 


Galvanometer 


$ 25 


$500 ' 


$ 50 


t 

$1000 


< 


. 20- • 


Oscilloscope Probes 


$ 15 


$300 - 


$ 50 


$1000 




: 5". 


\^Watt Meters 


$100" 


4500 


$200 


.$iodo 




v - ** !-. v» 


TfcVM ** 


$25.0 


$2500 
-J— 


$550 


'-■$5500 




■ '* 

i 60. > 




Resistor Substitution Boxes 


$ 10 


* $600 


$ 20' 


^1200 


* ~ 


! 60 ' • 

\ 


Capacitor Substitution .Boxes 


i ' 
$ 1Q 


$600 

> 


$ 20 


. $1200 








• 

Small Components 4 (leads, transistors, 


$2000 


$2000 


$3000 


$3000 


• 




/ . , TOTAL , 


$3160 


$8750 


$5330 


$16550 


\ 
\ 


TABLI 


/ . ■ 
: IV. Suggested Equipment/ for Both Circuits and Electronics 


Laboratories 
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There is within the specification of elec- 
tronics equipment a minimum or lowest standard 
that will neet the oujectives of the curriculum* 
The instructor should know the approximate price 
range and also the minimum specifications that 
the dollar- will buy and purchase equipment based 
on this knowledge. The instructor should not be 
confusea because of the wide price range that 
exists for any given instrument, nor- should he 
listen only to company representatives. The 
proper selection of equipment requires careful 
consideray.on from many different angles. 

The only sure way to know/lJBw a piece of 
gear will function is to try'it.out. However, 
this is not always possible, and the instructor 
must rely on his ability to work with specif ica- . 
tions. It is a good idea to compare the speci- 
fications and prices of several different makes, 
and then make a logical decision on what will ' 
best- suit your needs with all other things taken 
into consideration* In lother words, d&n'fbuy 
an ttzphant to'puJU. a dolt buggy* 

EQUIPMENT OBSOLESCENCE AND MAINTENANCE 

The laboratory equipment is the- keystone of 
the electronics curriculum, and careful thought 
should be given to the selection of equipment* 
When purchasing equipment, it should be kept in 
mind that it is expected that it will probably * 
be used : for several years. With this in mind,- 

the instructor should look ahead and try 'to an- 

t 

ticipate the future needs. There is no sure way 
of protecting against equipment becoming obsolete, 
but it is possible to purchase equipment that can 
be used for several years. 

The maintenance and repair of equipment is' 
another area that deserves careful consideration 
when . purchasing equipment. Most equipment will 
eventually require repair, recalibration, or even 
replacement.* Poor quality equipment can result 
in costly repairs that will eat up the budget. 
It is better to spend more for a piece of equip- 
ment initially than to' have maintenance expenses 
later. 



Experience is probably the best source for 
not buying equipment that is prone to break down. 
Jhe next best source is from other instructors 
and people working in the field; they can soon 
tell you the problems that they have had to deal 
• vith on various instruments. 

In the maintenance of equipment, it is quite 
important that you be able tq obtain replacement 
parts.' Too many times it is very difficult to 
obtain repairs. It may be well to stay with man- 
ufacturers that wjll provide this very important 
service* 



There are a number^of ways to deal witji the 
maintenance problem. Three of the most common 
are listed below, j£*ong with the advantages and 
disadvantages that will be found, with each. 

Corti/tacting on KttuiMxg to Qtugi.naJL Manu&acJju/ieA. 

Returning the instrument to the original man- 
ufacturer is one of the most widely^used by newly 
developed' programs. It does afford the school, 
some advantages. / 
ADVANTAGES: " * / 

a. Ensures a thorough job when a guarantee 
clause is possible. 
* b. Does not require school to purchase expensive 
calibration equipment. } ' 

c. Educational inst Abut ion does not have to ob- 
tain schematics^or calibration manuals. 
DISADVANTAGES: 



a. Cos J factor may be high ($150.0 / 0/min. for 



calibration of scope). 



b. No local company available fqr repairs. 

c. Shipping cost may be relatively high. 

d. Time required to send and return may involve 



a number of weeks. 



x e. Shall the equipment be setot in for only major 
repairs? What about mirfor repairs and ad- 
justments? / 

HOtlng a TuJUL-Tixnt Te.ckni(Uan 

The problem of maintenance and repair can be 
resolved by hiring * technician on the staff. 
This does offer a more jpropriate solution to 
the proDiem. j 
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ADVANTAGES: 

a. No time delay. in getting the equipment 
worked on* 

b* Equipment can always be in constant repair 
and regular calibration periods maintained* 

c. Relieves instructor of responsibility of * 
determining if instrument is in need of re- 
pair and what must be done.. 
'DISADVANTAGES: 

a. Facilities may not be large enough to war- 
rant a full-time technician. 

b* A technician must be trained in many dif- 
ferent types of manufacturing electronic 
apparatuses .< 

c. Cost of purchasing expensive calibration 
equipment is required* 

d. Repair parts must be kept available* 

e. Cost of sending technicians to industrial 
manufacturing training programs will be 
necessary* 

Lab lut^uctoA, uuJJi Studznt Attittancz 

This metho.d of providing for the maintenance 

problem can bring about the following advantages 

and' disadvantages* ! 

ADVANTAGES: • 
a* Staff member is also used in teaching some 
courses* 

b. Gives employment to students in the elec- 
tronics program, providing them with addi- 
tional experience* 

c. The instructor becomes familiar with cir- ' 
cuits found in the instruments* 

d. Extra pay for staff members* 
DISADVANTAGES: 

a* Students may not have proper background and 
qualifications to be of any assistance in 
repairing these elaborate circuits* 

b. Instructors may not be justly compensated 

** for repair work by reduced loads of financial 
" remuneration* 

c. Must purchase expensive calibration equipment 
to maintain proper instrument standards* 

d. Instructor will need training by manufactur- 
er in newly purchased equipment* 

i 



Each of the methods discussed must be evalu- 
ated to determine the most economical and satis- 
factory solution* The hiring of a technician 
relieves the instructor to the primary task of 
teaching and not concern or worry as to whether 
the equipment will be in functional order during 1 

the next lab session* With each of the other two 

i 

solutions the instructors will be more involved* 
1C the equipment is sent out for repairs ^ the in- 
structor will be responsible for its shipment and 
return* With more than one instructor within the 
faculty their efforts must be coordinated — they 
can develop a conflict as to who is responsible 
for^this task* The problem of finding students 
to perform repair work at very low wages can al- 
so prevent this method from getting the equipment 
in proper working ordei 4 * The ^instructor who has 
been made responsible for this task may not be 
able to maintain the equipment to meet the re- 
quired standards of the other instructors* This 
can also lead to conflict within the department* 

When the factors are all considered, the 
most logical solution to the problem for the in- 
structor is to hire a technician* But v if the 
facilities are not large enough to occupy the . 
full time of such an individual or he cannot be 
given some courses to teach, then other curricu- 
lums with a joint effort -might be a means pf re- 
solving the justification for a full-time repair 
technician* If a technician cannot^be found 
with the proper qualifications to be hired, then 
the alternative of the other two must be selected* 

The instructor should P^t be required to re- 
pair equipment. His responsibility is to help 
the student, not to repair equipment'* With a 
normal teaching load the instructor does not have 
enough time to fix equipment* Whenever equipment 
is purchased, the upkeep and repair and replace- 
ment of equipment should be included in the bud- 
get* 

INFORMATION SOURCES FOR EQUIPMENT 

The selection of equipment also requires 
that the istructor know where to look for up-to- 




date equipment. The following is a partial list 
of sources for equipment, instruments, components, 
etc. Also 'included in the next section is a list 
of periodicals, many of which are free, that are 
Very good sources for the electronics instructor. 

kZJUid Catalog 
■ 100 No. Western <Avenue 
Chicago, Illinois 60680 

EZccAaoyilca 8ui/£t6' Galdi 

McGraw-Hill 

330 W. 42nd Street 

New York, N. Y. 10036 

Ele.eA/ionic Eng<6ie&t6' UaAtoA 
$20.00 

United Technical Publications, Inc. 
645 Stewart Avenue 
Garden City, N. Y. 11530 

ElzaUovUc Vl6&iibu£Lng S MoAkzting 
$10. 00f "for 2 years 
Electronic Periodicals, Inc. 
33140 Aurora Road 
Cleveland, .Ohio 44139 

ElzeA/iovUc Indub&iy TzJtephono. ViwoAony 
$6. 00. per copy 

Electronic Periodicals, Inc. 
33140 Aurora Road 
Cleveland, Ohio 44139 

EbLcXJwnJLo. Souacq. PiocJuAdmznZ 
$20.50 per copy 
Electronic Periodicals , Inc. 
33140 Aurora Road / 
Cleveland, Ohio 44139 



Favichild SmLcondtxoJtoti lntzgtuUe.d (UaojUX 
Vata Catalog ** 
313 Fairchild Drive 
Mountain View, California 

HzathkU Catalog 

Benton Harbor, Michigan 40022 

InduAtAjjxl Catalog 
Allied Electronics 
2400 W. Washington Blvd. 
Chicago, Illinois 60680 

InduA&Ual ElzctAonicA Catalog 
Newark Electronics Corporation 
500 No. Pulaski Road 
Chicago, Illinois 60624 

La&ayvU& Catalog 
111 Jericho Turnpike 
Syosset/L. I., New York 11791 

McMoA^eA-CcwiL Catalog 

P. 0. Box 4355 

Chicago, Illinois 60680 

Ptio.&eAAtd Smiconducto/u and Compoimvti 
Catalog \ 
Texas Instruments 
P. 0. Box 5012 
Dallas, Texas 752*2 

The Radio ElzcX/wnlc Moa-te/i 

United Technical Publications,' Inc.' 

645 Steward Avenue 

Garden City, New York 11530 



TECMKAL PERIAPICALS 

I % 

Bell Laboratories Record 
M.* $2-00 . 

Bell Laboratories 

1*63 West Street 

New York, New York 1001 1* 

\ 

.<Bell System Technical Journal 
10>Yr> $15.00 

American telephone and Telegraph' Company 
195 Broadway 

New York , New York 10007 

1 

Bell Telephone Magazine 

^Q. Free to Qualified Personnel 

. 

Public Relations Department 
AT&T 
195 Broadway- 
New York, New York 1007 

NOTE: Prices listed are for informational 
purposes only. 



Communication and Electronics 
Bi-M.* $8.00 

American Institute of Electrical Engineers 
3^5 East kl Street 
New York: New York 

Control Engineering 
M. $3-00 

McGraw-Hill Publishing Company 
330 W, i*2nd Street 
New York, New York 

(The) Demodulator 
Free 

LenKart Electric Company- 
San Carlos, California 9U070 :^ 



Bi-M. 
M. 
Q. 
Yr. 



Bi-Monthly 
Monthly 
Quarterly 
Yearly 
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Digital Newsletter 
Free 

Digital Equipment Corporation 
Maynard, Massachusetts 0175b 

DuPont Innovation 

Circulation' Department 9 
DuPont Building " ' 
Wilmington, Delaware 19798 ' 

E. E. Digest 
Bi-M. 

American Institute of Electrical Engineers 
3U5 East 1*7 Street 
New York, New York 

Educational Research and Methods 

Ehe American Society for Engineering Educ. 
Oklahoma State University 
Stillwater, Oklahoma 7**07l* 

Electrical Communication 
Q. $2.00 

International Telephone and Telegraph 

320 Park Avenue 

New York, New York 10022 

Electrical Construction and Maintenance 
M. $3.00 

McGraw-Hill Publishing Company, Inc. 

330 West 1*2 Street 

New York, New York 10036 

Electrical Design News 

M. (except June, October and November when 
two issues are published). Free to 
Qualified Personnel. Others $10.00 

Rogers Publishing Company 
3375 South Bannock 

Englewood, Colorado- 80110 t ' 

Electrical Engineering 
M $12.00 

American Institute of Electrical Engineers 
3**5 East 1*7 Street 
New York, New York 

Electronic Age » 

Q. Tree ' 

Radio £orj^rution of America / — - 

" 30 Rockefeller Plaza 

New York, New York 10020 

Electronic Design 

Hayden Publishing Company 

850 Third Avenue , - 

New York, New York 10022 



Electronic Industries 

Chilton Publishing Company 

1*01 Walnut Street 

Philadelphia, Pennsylvania 19106 

Electronic Instrument Digest 
M. $10.00 

Milton S. Kiver Publications, Inc. 
222 West Adams Street 
Chicago, Illinois 60606 

Electronic News 
M. $3.00 ' , 

Fairchild Publishing Inc. 

7 E. 12th Street. 

New York, New York 10003 

Electronic Packaging and Productions 

Milton S. Kiver Publications, Inc. 
222 West Adams Street 
Chicago, Illinois 60606 

Electronic Products 

United Technical Publication, Inc'. 
' Division Cox Broadcasting Company 
61*5 Stewart Avenue 
Garden City, New York 11530 

Electronic Technician 
M. $5.00 

OJibway Building N 
Duluth, Minnesota 55302 \ 

Electronic Technology 
Free 

Lab- Volt Educational Systems 
Division of ( Buck Engineering 
Farmingdale, New Jersey 07727 



Electronic Trader 
Bi-M. 



\ 



\ 



Electronic Periodicals, Inc. 
3311*0 Aurora Road 
Cleveland, Ohio 1*1*139 \ 

Electronics 
M. $6.00 

McGraw-Hill Publishing Company 
99 North Broadway 
Alba ny^JjeW-^ork.-X2202 



\ 



Electronics Illustrated 
Bi-M. $2.00 

Fawcett Publications, Inc. 

67 W. l*l*th Street 

New York, New York 10036 
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Electronics New Product Preview 

McGraw-Hill Publishing Company 

330 W. l*2nd Street 

New York, New York 10036 

Electronics World 

M. $5^00 * ^ 

. Ziff-Dayis^fu'blishing Company 
^J^-ParTT Avenue 

New York, New York 10016 

Engineer. 
Q. .$2.00 

Engineers Joint ^Council 

3^5 E. U7th Street 

New York , New York 10017 

Engineering 'Bulletin 1 

Q. Free * 1 

Motorola, Inc. • 
Military Electronics Division^ 
8201 E. McDowell Road 
Scottsdale, Arizona 85252 

Engineering Education * 
M. $16.00 

American Society for Engineering Education 
Suite U00, One Dupont Circle 
Washington, b. C. 20036 

Engineering Opportunities* 

Press % Tech. Inc. 
2211 Fordem Avenue 
Madison, Wisconsin 53701 

Fairchild Semiconductors 

313 Fairchild Drive 
Mountainview, California 

General .Radio Experimenter 
M. Free 

General Radio Company 
22 Baker Avenue 

West Concord, Massachusetts 01781 

Hewlett Packard Journal 

Free to Qualified Personnel 4 

Measurement News 

Hewlett Packard Company 

1501 Page Mill Road 

Palo Alto, California 9**30l* 

IEE Student Journal 
5/Yr. $12.00 

Institute of Electrical and Electronics 

Engineers 
3^5 E. U7th Street 
New York, New York 10017 



Industrial Research 

Industrial Research. Inc. 
Industrial Research Building 
Beverly Shore, Indiana 1*6301 

Instrument and Apparatus News 

Bi-M. $10.00 / 

Rimbach Publications,, 
8U5 Ridge Avenue 
. Pittsburg, Pennsylvania 15212 

Instrument^ and Control Systems 
M. $l*.00 

Rimbach Publications 
81*5 Ridge Avenue 
Pittsburg, Pennsylvania 15212 

Instrumentation 
Q. Free 

Honeywell Industrial Division 
1100 Virginia Drive 
Fort Washington, Pennsylvania I903I* 

- Instrumentation Technology 

' M. $l*.00 

Journal of the Instrument Society^ 
of 'America 
0 530 William Penn Place 

Pittsburg, Pennsyl .nia 15219 

Instruments and_Automation 

Instruments Publishing Company 
81*5 Ridge Avenue 
Pittsburg, Pennsylvania 

Insulation 
M. $13.50 

Lake Publishing Company 
311 East Park Avenue, Box 270 
Libertyville, Illinois 

* Junior College Journal 

M. (September- June) $l*.50 

American Association of Junior Colleges 
One Dupont Circle, N.W. 
Washington, D.C. 20036 

Microelectronics and Reliability 

Q. $1*0.00 ^ 

\ Pergamon Press 

122 E. 55th Street 

New York, New York 10022 

Microwave Journal 

Horizon House-Microwave Inc. 
610 Washington Street 
'Dedham, Massachusetts 02026 



Occupational Education Bulletin 



Free 



Aaerican.Association of Junior Colleges 
One Dupont Circle, N.W. , 
Washington, D.C. 20036 

Photofact 'Reporter .v 
M. $3*00 

'Howard W. Sams and Company 
1*300 W. 62 Street 
Indianapolis, Indiana 

* 

Popular Electronics 

* M. $5.00 

Ziff-Davis Publishing Company 
1 Park Avenue 
New York, New York 10016 

Power Apparatus and Systems 

• Bi-M. $$.00' : 

American Institute of Electrical Engineers 
East U7 Street 
■ -New York, New York 

RCA -Review 

Q. $2/00 . 

RCA Laboratories 
Princeton, New Jersey 

. Radio-Electronics 
M. $1*.00* 

Gernsback Publications, Inc. 
Ferry Street 

Concord, New Hampshire -03302 

Semiconductor Applications 

General Electric Company 
Distribution Services 
1. River Road 

•Schenectady, New York 1230U 

Semicpnductor Products 'and Solid State 
Technology 

M. $10.00 

Cowan Publishing Corporation 

lU Vanderventer Avenue 

Port Washington, New York 11050 



Semiconductors 
Box 20912 

Phoenix, Arizona 85038 

Solid State Design 

Free to Qualified Personnel 
* 

William Bazzy 

610 Washington Street 

Dedham, Massachusetts 

Solid State Electronics 

Pergamon Press 

1^2 E. 55th Street 

New York, New York 10022 

Technical Education 
$7.25 

P. 0. Box l6l6 ' 
Riverside, New Jersey 07075 

• , 
Technical Education News 

Q. Free 

McGraw-Hill Publishing Company 

330 W. U2nJ Street 

New York, New York 10036' 

(The) Tecmical Education Press 
P. 0. Box 31*2 

Seal Beach, California 9071*0 

Technology Review * 

M. (November- July) $1*.00 

Massachusetts Institute of Technology 
Cambridge, Massachusetts, 02137 

Tekscope " 
Free 

Tektronix 
Ps 0. Box 500 
' Beaver^on, Oregon' 97005 

Westinghouse Engineer 

Bi-M. $2.50 

3 Gateway Center 
Box 2278 w 

Pittsburg, Pennsylvania 15230 
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THE STUDENT BENCH OSCILLOSCOPE 



mnovucTiou 

The most crucial decision to make in the 
f election of equipment for the laboratory is with 
the selection of the student bench oscilloscope. 
The following discussion is intended to clarify 
the significance of many of the technical terms 
that are used to describe oscilloscopes. The 
proper selection of a scope requires a clear un- 
derstanding of the relative importance of diff-^ 
erent features that are available. (For oscill- 
oscope specifications see page 312. 

PLUG-WmitS 

Choice of an oscilloscope is determined lar- 
gely on considerations of both performance capa- 
bilities and versatility. Versatility is greatly 
increased if the scope has plug-in capability 
that allows for different operations to be per- 
formed by simply using an appropriate plug- in. 
Also, performance capabilities can be updated as 
new plug- ins become available. 

The oscilloscopes that are purchased account - 
for a considerable part of the funds that are in- 
vested into equipment. Because oscilloscopes are 
a capital outlay and will be with the program for 
a long time, maintenance-, obsolescence, and flex- 
ibility, are very crucial considerations. As in-> 
dicated, obsolescence can be delayed and flexib- 
ility increased by scopes that have plug-in units. 
Another major advantage with scopes that have 
plug-fn units is the benefits that are gained in 
maintenance. When two or more plug-in units with 
the_same_f unction are available, the easiest way 
to isolate trouble is to replace the plug-in units 
one at a time until proper operation is restored. 
The faulty unit is isolated as not functioning 
properly and can be repaired. To aid in the 
trouble shooting of a plug-in, an extension plug- 
in may be available that will allow the unit to 
operate while being extended out through the 
front of the oscilloscope opening. If changes 



in the plug-in units does not correct the prob- 
lem, the main frame portion of the scope is 
probably faulty. The use of plug-ins greatly 
decrease maintenance time. 

Plug-in oscilloscopes allow a very wide 
variety of measurements that can be made with 
one oscilloscope. By simply. changing the ver- 
tical and horizontal plug-ins, bandwidth, sen- 
sitivity, number of channels, time-base, etc. 
can be changed to meet* the needs. For example, 
one four-trace amplifier plug-in could make all 
compatible scopes into a four- trace scope-? There 
ds^> need to invest- a lot of money in oscillo- 
scopes that have wide capabilities if those fun- 
ctions that increase the price are only used 
once in awhile for special applications, 

8AWWIPTH 

Bandwidth and sensitivity of the vertical 

amplifiers are the primary characteristics which 

describe how the scope will perform. Wide band- 
s' 

width is obtained at the expense of more compli- 
cated circuitry. For example, a 50 mhz scope 
will cost maybe twice as much as a 10 mhz scope. 
A decision must be made regarding what the requi 
red measurements that will be performed in the 
lab. For most applications, a 10 mhz scope 
would probably be satisfactory. If occasionally 
wider bandwidth is required, perhaps the necess- 
ary plug-ins coulU purchased or mayb e~a ^spec- 
ial purpose scope. 

Scopes used for measuring frequency respon- 
se must be selected carefully to insure accurate 
readings. The bandwidth of a scope is usually 
specified by the upper and lower frequencies 
where sine wave response is down 3 db from the 
reference frequency. When only one number is 
given in the specification, it is taken as the 
upper frequency- Outside of this range, a scope 
has limited usefulness because the measurements 
errors increase rapidly. 



320 



The quality of a wideband scope is often 
specified by risetime. Risetime 'is the time of 
transition between 10 and 90 percent of the am- , 
plitude of a step signal. Accuracy of measure- 
ment decreases when a scope must indicate the 
risetime of signals which # rise faster or nearly 
as fast as its amplifier. Ritetirae is of prime 
importance when making pulse measurements and is 
generally a good indication of relative bandwidth. 
In general , faster risetime means greater band- 
width in the direction of higher frequencies. 
For fairly accurate readings of risetime, the 
scope should be about 5 time's faster than the 
signal -to be measured.* In this case, the rise- 
time of , the signal as displayed on the -scope will 
only bean error about 2 percent as compared to 
a scope that is 2 times faster with an error of 
about 11 percent. Scopes which have a risetime 
equal to the fastest rising signal applied may 
be adequate depel&ing upon the accuracy*desired. 

Both ri«time. and bandwidth are closely re- 
lated. The^roduct of risetime and frequency .re- 
sponse srtould be' a value between 0.33 and 0.35 
when transient response is optimum. Factors lar- 
ger than 0.35. probably indicate overshoot in ex- 
cess of 2 percent and those larger than 0.4 in- 
dicate overshoot in excess of 5 percent. Over-" 
shoot or ringing can be a problem when fast step- 
signals are applied. 

.SENSITIVITY • 

As previously indicated, bandwidth, risetime 
and sensitivity are prime factors in determining 
the selection of a scope for a particular labor- 
atory. High sensitivity requires more amplifier 
stages and some bandwidth must be sacrificed be- 
cause of the greater background noise associated 
with wideband, high-gain amplifiers. High sen- 
sitivity simplifies lab set-ups if you are try- 
ing to measure transducer outputs. The trans- 
ducer outputs can be connected directly to the 

• scope. x 

SWEEPS 

Some lab investigations will require fast 



sweeps and others slow sweeps. It is obvious 
that an oscilloscope with the widest range of 
sweeps would be the most versatile. The scope 
however is used because of its capacity to be 
used as a high speed device, and very slow sweeps 
have only limited use. High frequency scopes 
seldom have sweeps which are fast enough to dis- 
play one cycle of the upper passband frequency 
across the full horizontal scale. If a scope 
can meet this requirement, it is usually con- 
sidered adequate. 

The scope- should have a continuous cover- ' 
age of the total range of sweep speeds. A < 
scope should have each stepped change in sweep- 
timed division a small change-ratio. This per- 
mits any time measurement to be made over a 
large portion of the horizontal scale. 

Another desirable feature is sweep mag- 
nification and delay. This feature is quite 
useful when you want to display trace segments 
which occur too late in time after the start 
of the trace to be examined with faster sweeps. - 
Such waveforms can be viewed but if the period 
of the waveform is short compared to the per- 
iod of A a full sweep, a very close examination 
may not be possible. The need to expand the 
trace for this time interval is quite obvious. 
The Simplest way to do this is to increase the 
horii^..tal gain to spread out the waveform such 
that the desired portion is left on the screen. 
Another way is to' actually generate, delayed ■• 
sweep triggering signals so that the sweep may 
be triggered just prior to the time when the 
signal to be examined occurs. Calibrated sweep 
delay can provide some advantages over ordinary 
sweep magnification such as: 

Greater ratios of effective magnification. 
Elimination of "time jitter" or "time drift" 
of displayed waveforms. 
Greater accuracy of time- interval measure- 
ments between waveforms. 
Better long-term accuracy of the displayed 
time-base. 

Calibrated sweep delay increases the cost of a 
scope but is well worth it. 
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VERTICAL AMPLIFIER * „ 

The vertical amplifier* in a scope should al- 
'ldw for voltage measurements to be made with at 
least t 3 percent accuracy. The scope should 
have d-c coupling so that waveforms of slowly 
varying signals can be displayed and alsoallow 
for a d-c reference, line to be established. For 
example, in vacuum tube circuits'; the d-c levels 
the plate or screen voltages swing when signals 
are applied. Alsp^a^c coupling is desirabie to 
JiibcJe^cfl/oTtages that might drive the whole 



display off of the screen* . 

, Another essential feature of the laboratory 
general purpose scope is the provision for two 
signal channels*. Dual-channels provides for a 
comparision study of two signals, such as phase 
measurements or a comparision of an amplifier's 

outputs ignal versus its input. Dual -channel 

t 

operation can be obtained either by what is known 
as. alternate mode and chopped mode. The altern- 
ate mode method allows for a single beam in the 
^circuit to electronically switch between sweeps 
so that the waveform of one channel is displayed 
during one sweep, and the other waveform is dis- 
played on the (next sweep. With chopped mode op 7 
eratioVi the switching occurs rapidly and both 
channels are displayed during one sweep. This 
method is used for low- frequency waveforms which 
otherwise would flicker with alternate sweep 
presentation. 

In some applications the dual -beam scope may 
be necessary to use rather than dual trace K This 
type of scope has a circuit that produces two 
electron beams and allows for single-shot obser- 
vations of events that are too fast for chopped 
mode operation. 

OtheA FactoM 

Nice, but not necessary, i' a beam finder. 
The beam finder reduces the gain of both horizon 
-tal and vertical amplifiers while at the same 
time brightens and defocuses the trace so that 
regardless of the settings of the scope, the 
trace is brought on the screen. 

« To prevent the scope from loading a circuit, 
the impedance of the circuit impedance being 



measured must be a small fraction of the input 
impedance ofthescope. The input impedance "is. 
not.the^same at all frequencies and is specified 
byinput resistance and input Capacitance. To 
minimize loading, the input impedance should be 
as high as possible. Passive attenuator probes 
will help to reduce loading and are an essential 
accessory to consider when making the purchase. 
The absence of- probes can lead to many unwanted 
problems. „ 

( INTERPRETING SPECI FICATIMS 

Interpreting manufacturers' specifications 

requires the understanding of the following: 
ZmdiMXk - Of an oscilloscope, the difference 
between the upper, and lower frequency at which 
the voltage or current response is .707 db.) 
of the response at r jthe reference frequency. 
Usually, both upper and lower limit frequencies 
are specified rather than the difference between 
them. When only one number appears, it is taken 
as the upper limit. 

Chopping TnanAient 'Blanking - The process of 
blanking the indicating spot during the switch- 
ing periods, in chopped display operation. 

Common-Mode. Signal - The" instantaneous algebra- 
ic average of two signals applied to a balanced 
circuit, both signals referred to a^common ref- 
erence. ; 

• Conventional Mode - That- mode of operating a 
storage tube Where the display does not store 
but performs with^the usual ph ospho r luminance 
and decay. - 

deflection Blanking - Blanking by means of a 
deflection structure in the cathode ray tube 
electron gun which traps the electron beam in- 
side the gun to extinguish the spot, permitting 
blanking during retrace and between sweeps re- 
gardless of intensity setting. 

deflection FaeXoi - The ratio of the input sig- 
nal amplitude to the resultant displacement of 
the* indicating spot (for example, volts/divi- 
sion). 
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VeJtay Vlckoii - A means of providing an output • 
signal when a ramp has reached an amplitude 
corresponding to a certain length of time (de- 
Jay interval) since the start of the ramp. The 
output, signal may be in the form of a pulse , a 
gate, or simply amplification of that part of 
the ramp following the pickoff timej. y 

Velayzd SultQ.pt- A sWeep that has beei^ltiela>4d 
either by a predetermined period, or by a peri- 
od determined by an additional independent vari- 
able. / 

VtiaZ Ptece* - A multi-trace operation in which 
a single beam in a cathode-ray tube is shared 
by two signal channels.. See alternate display, 
chopped display , and multi- trace. 

Qdj^Uxm Reipohae - ^particular frequency re-- 
spbnse, characteristic following the curve 
y(f) ttI / Typically, tne frequency re- 
sponse-apjiroached by an amplifier having good 
^transient response characteristics . ; 

Input RC Cfca>taate^c6tccA - The DC resistance 
. and parallel capacitance to^ground present .at 
the input of an oscilloscope. ^ 

* Jiitix - An aberration of a repetitive display 
indicating instability of the signal or of the 
oscilloscope. May be random or periodic, and 
is usually associated with the time axis. 

Magniiied Sweep - A sweep whose time per divi- 
sion has been decreased by amplification of 
the sweep waveform rather than by changing the 
time constants used to generate it. 



Mtxed Sweep - In a'system having both a delay- 
ing sweep and a delayed sweep, a means of dis- 
playing *he delaying sweep to the point of de- 
lay pickoff and displaying the' delayed sweep 
beyond tha£~ point* 

Muttc-Ttace - A mode of operation in which, a 
single team in a cathode-ray tube rs shared by 
two or more signal channels. See dual trace, 
alternate display, and chopped display. 



ReAoJtwtion - A measure of the total number 
of trace lines discernible along the co- 
ordinate axes, bounded by the extremities of 
the gratjicule or other specific limits. 

R&etune - In the' display of a step function 
the interval between thctime at which the 
amplitude first reaches specified lower and, 
upper limits. These limits shall be 10% and 
90% of the nominal or final amplitude of th? 
step, unless otherwise stated. 

*jClL Vdtay - In an oscilloscope, the time 
required for a signal to be transmitted • 
through a channel or portion of a channel. 
The time is always finite, and may be un- 
desired, or may be purposely introduced as 
in a delay line. 
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CHAPTER 10 
SUGGESTIONS AND RECOMMENDATIONS 



TkU coyicluding chapter for the ETCVP report contain* sugg&s- 
ons and recommendations, of a mibcManeous nature, relating to 
e*wptme>vfation of Jtwo-ijear Associate degree E£ec#io*u.c* Techno£og{/ 
programs in Comprehensive Community College* and Technical Institute*. 
iVhe finst section presents a brief discussion of the significant 



adjM^ents tixat mat/ be necessary to implement the ETCV? material to 

'a four-smester program. The second section discusses the level-of- 

3 * ( \ * * 

peAj{o|^dnce\expected of tlie graduate*. This i* followed by a section 

containing aorief discussion of a number of miscellaneous topic* 

* tixat ^ere conshlered during ilxe project. A position paper for 

v Electronic* Teclivtology is also presented in a separate section. 

The final secxiOM of the chapter present concluding remark* 

from the mmbens of hie Steering Committee; from William M. Staerkel, 

Pre*iaent of Pa/ikland College [tlie host institution for the project); 

and from Professor Jerry^S. Vobrovolny, Head of the department of : * 

General Engineering at the University of Illinois and coordinator of 

, tite ETCV project. \ " < 



\ 



\ 
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SUGGESTED ADJUSTMENTS TO THE FOUR-SEMESTER .PROGRAM 



GENERAL CONSIDERATIONS 

.The development activities of the ETCD 
Project were directed more to the six-quarter 
programs for the Electronic Technologies than to 
the four-semester programs. The adjustments that 
are necessary to convert from the quarter plan 
"7 to the semester plan were considered lessseyere 
than doing the development work on. the semester 
plan. and. then making the necessary adjustments to. 
the quarter plan. 

The ETCD Project personnel are of the opinion 
that adjustments and changes are more of a 
philosophical nature than anything else. , In other 
words, if one accepts the philosophy and objec- 
tives of an INTRO course; if one accepts the 
concept of spin-off programs; if one accepts the 
sequence of courses in CVlcuaX Analysis as a 
package;, and if one accepts the sequence of ' • 
.courses in the FundamzntcitA ELtcAKonicA as a 
package, then adjustments and. changes within an 
established curriculum are quite easily implement- 
ed. Similarly, 'adjustments from a quarter plan 
to a semester plan are th*en easily implemented, 
j 

FLOW CHARTS FOR BOTH QUARTER ANP SEMESTER. PLANS 

The flow chart for the 6ix-pZt£s -one- courses - "* 
is shown in Table I for a six-quarter plan and 
in Table II for a four-semester plan. For *- 

simplicity of discussion, other courses of each 

— > — — » — — - — — ~ ■» i — — j — 

curriculum are omitted. 

Observe, first of all, that the seven 
courses have the same identity (by title) in 
. either the quarter plan o.- the semester plan. 
In the semester plan, as compared to the quarter 
plan, the sequence of the three courses in 
Circuit Analij6<U and the sequence of the three 
courses in the Twdam<LiVtcdb> o& ElzctAonicA start 
in the first semester and the second semester, 
respectively. 

Now, let us direct our attention to.' the 
semester plan and examine /the possible adjust- 



ments that need to be made, recognizing that the 
moTe ideal sequence and integration of the 6ix- 
ptub-one. courses exist for the quarter plan. 
These adjustments are discussed for eaclr semes- ^ 

ter, rather than for each of the seven courses. 

r 

* 

ADJUSTMENTS FOR THE FIRST SEMESTER * ■ 

The hx&ioduvtion to Ele.cVionLa> Tzclinology 
(INTRO) course and the Reauttve Cucuct^ course 
are both scheduled in this first term. The * 
adjustments that are needed to attain an appro- 
priate sequence are itemized along with 
supporting philosophies. 

a. Don't be in a hurry to get started with an 
analysis of Resistive Circuits for about 
the first four to six weeks. Avoid the 
mathematical process - even Ohm's law - in 
these early weeks. 

b. For the first four to six weeks, use the 
time that is scheduled for both courses 
(INTRO^and Resistive Circuits) to concen- 
trate on the inwtto.d pyfumid concept of 
the INTRO course. ? 

c. Following-the getting-started\^|riod, the 
time that is~"scheduled for theVTNTRO course__ 
is no longer used for the invztLted pyramid 
approach to the first course in electronics. i 
Two alternatives now exist for the curriculum 
p 1 arm i n g . O ne, is for all st udents to ^c on- 



tinue with two-year programs. The otKer 
alternative (recommended) is to implement 
a one-year certificate program on' the spin-, 
off concept. (Note: Refer to the last sec- 
tion of this chapter for details of imple- 
mentation as presented by Professor Neal j 
Voke, Chairman of the Electronics Department, 
-Triton College.) j 
d. The analysis of Resistive Circuits starts 
^in earnest after the first six-week period. 
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Table I: The Six-Plus-One Courses for a Six-Quarter Program (Refer to Chapter 1 for 
complete programs) . # 



First Quarter 
> 



Second Quarter 
Third Quarter 
Fourth Quarter 
Fifth' Quarter 



INTRO Xoux&e-' 



Resistive Ci^ci^its^ 



STC Circuits 



Networks 



Resistive Electronics 



Pulse Electronics 



Advanced Linear Electronics 



Table II: The Six-Plus-One Courses for a Four-Semester Program (Refer to Cnapter 1 
for complete programs) . 



First Semester 
Second Semester 
Third Semester 



Fourth Semester*^ 
i 



Resistive Circuits 



Sit Circuits 



Networks 




INTRO Course 



Resistive Electronics 



Pulse Electronics 



Advanced Linear Electronics 



mmmms for the .secohv semester 

* ^SThe two subjects- of SinQlz-Twz- Constant 
(STC) CUiauJ* and ReAUtivz ElzcXAOtiicA , that 
are scheduled for the second semester, will 
require very little if any adjustment. Subject 
matter coverage will proceed a little more ■ 
slowly in a second semester than in a third 
quarter. The ?ew t adjustment^ that may be 
necessary are now itemized, 
a. In the STC CViaiit6 course, there may be 
time available toward the £n<K of the term to 
include a few topics that would normally be * 
vin NcAvotfkA. The .topic of resonance in - 
series circuits and perhaps parallel circuits 
could be initiated here. Or, perhaps some 
work on three-phase systems could be done. 



There are a number of possibilities. Even so, 

no harm has been done if extra topics are not 
* covered. 

The subject of ReJt&rtve* EtzcOionLe* , just as 
recommended, can be as large a package as ah 
electronics department might desire. Don't 
overburden the students with devices, howey/r. 
It's possible that they might lo^^ntero^t 
and motivation. It. is suggested that some 
topics, such as diode clipping circuits and 
perhaps some logic circuitry, should be trans- 
ferred from the Pu&e ElacXAonic* course. 
Q^te: The most severe adjustment will exist 
in' the first semester as previously indicated.) 
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AVJUSTMEUTS FOR THE THIRP SEMESTER . ^ 
1 . The two subjects of Nctwonkb and Pal6'e 
Electronic^ are scheduled for this third semes- 
ter. * Again, there are no serious adjustments 
from what would exist in the quarter plan. It 
x must be decided where each of the two courses , 
should be divided. The sequencing of signifi- 
cant topics, does not change. One may only wish 
to add some -topics that mipht normally be inclu- 
ded in the technical elective courses of a quar- 
ter system. In the semester plan there may be 
sufficient time remaining to cover some mate- 
rial on digital electronics (a separate course 
in the quarter plan) in the, Putie Electronic* 
course, as 'one example. * 

r ; 

\ 




ADJUSTMENTS FOR THE FOURTH T^l** 

\ Only the one course, Advanced Linear E&o 

tronici, is scheduled in this fourth semes.ter. 

Certain topics such as feedback, modulation and 

* * V \ « 

detection might be included in technical elec- 

tives o^a quarter. system. In the semester 

system, such topics (or others as desired) might 

be included in the Advanced Linear Electronic* 

course. Considerable freedom existsoas to the' 

\ ' 

topics to be. included" in the course in both the 

\ ' * 

quarter plan ^nd the semester plan. 

' \. • . ' • 

"V ' 
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LEVEL OF PERFORMANCE EXPECTED OF GRADUATES 



RESPONSIBILITIES OF MANPOWER TEAM 

Any discussion of the level of performance 
expected of members of the engineering team must 
naturally'be associated with a statement regard- 
ing the structure of this 0 team and the division 
of responsibilities among the team members. To' 
illustrate a possible structure, iet's consider 
a hypothetical industxia^ site. Assume that the 
^project involved is a missile. 

The project has its inception when a govern- 
mental agency issues a bid proposal . A bid pro- 
posal consists of general nontechnical specif i- 
' cations basei upon external criteria. It will 
include such things as general classification . 
(ICBM, Guided*, Manned, etc.), weight limitations," 
cost factors and' the likes: 

In response- to the bid proposal, the indus- 
trial group prepares a proposal. The proposal 
consists of: 

a. Cost estimate. 
* b.-^ome details of the system specifica- 
tions. 

c. Block diagram of the system (nature of 
subsystems is indicated--electrical, 
hydraulic gyros, etcV— but no details 
9 * are proposed) . \ 
Senior Icy^el engineering personnel ate uti- 
lized in the preparation of the proposal. The 
senior engineer at this point will not know the 
persons on his team, but he will need to specu- 
late about this to make his cost -estimate. 

If the proposal is accepted ^b.y the govern- 

s 

ment agency, the industrial group will prepare 
a more detailed proposal. This ntare detailed 
proposal will consist* of: \ 

a. Cost estimate (revised?. \ 

b. System specifications in greater detail. 

c. More detailed block diagram. 

This proposals like the first, Will be construc- 
ted by senior level engineering personnel . 



However, now is the time wh\n some junior 
team members need* to be assigned. \ Once the de- 
tailed .proposal is completed and tnte initial team 
is formed, the concepts on Ithe block\diagram ' 

•need to be expanded and reduced to schematic 
diagrams. Sdme sections may need to be\ depleted 
in a more detailed block diagram before tjaey are 
reduced to schematics. Engineering technologists 

^are usually assigned the task of developing the 
schematics. If these schematics are in poor 
condition, these people will likely not be called 
"engineering technologists." .Nevertheless, ! this 
is one type of task for which an engineering *' 
technologist would be utilized. The engineering 
team now consists of several engineers and four 
to ten technicians, most of whom will be engi- 
neering technicians. If engineering technicians 

^are not available, engineers, will have to do 
this work. 

Once the schematics are completed to the 
satisfaction of the engineering team, prototype 
models .are constructed.^ The engineering tech- 
nician is largely responsible for this. * 

The prototype must now be tested and evalu- 
ated. The engineering technician will devise 
these tests and evaluate the results of the^ests. 
If the tests i-*dicate the need to redesign the*-* 
system, or any part of the system, the engineer- 
ing technician will be responsible for such modi- 
fications. If the modification is minor, the .en- 
gineer will probably \not be aware that the change 
was made. \ 

Engineering technicians will have responsi- 
bility for the production^ of the system. The en- 
gineering technician will be the "expert" so far 
as the production crew is, concerned. After pro- 
duction, the engineering technician may find 
still other areas of responsibility in production 
testing an<L.quaJity control. 
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KNQULEVGE REQUIREMENTS ELECTRONICS ENGINEERING 
TECHNICIAN, *;> v 

What are the knowledge requirements of the 
Electronics Engineering Technician to reach a 
level of performance necessary to carry out his 
assignment as a part of the engineering manpower 
team on such a system as the one just described? 
Since the two-year Associate Degree program em- 
phasizes both cognitive and manipulative skills, 
an occupational analysis would be difficult. 
There are areas, however,^ where examples may be 
used to help define the level of performance. 

Instrumentation is an important aspect of / 
the EET's job. The technician may be engaged in 
laboratory work to a greater extent than the en-/ 
girieer. He -may have a greater responsibility in 
the selection and utilization of test equipment/. 
In general terms, the technician should be able 
, to perform basic tests and measurements; he must 
have a knowledge of the capabilities and limita- 
tions of test equipment and knbw how to operate 
the instrument. The oscilloscope will serve as 

an example. i 

\ 'I 

The EET should be very familiar with the 

fundamental. .volt age- vs- time and vol tage-vs -volt- 

ajje concepts relating to the oscilloscope as well 

a^ the concepts of a triggered swee^, delayed 

sweep, use of the external trigger, and multiple 

channel vertical amplifiers. Based on the basic^ 

measurement capabilities of the scopes the EET 

should be able to select the right oscilloscope 

for the job based on such characteristic^ as rise 

time, sensitivity, band pass, and input \ loading^ 

and capacitance effects. Jhe EET should [also be 



able to apply his .knowledge of special-piirpose 
oscilloscopes, such as the transistor curve- / 
tracer. As an example, he should be able^to de- 
termine the D-C Beta of a transistor for.a^par- 
ticular set of operating conditions, andjhe must 
have a comprehension of the curve- tracer opera- 
tion so thi\t he may apply the concepts tb semi- 
conductor device measurements in general,. 

Another area related to laboratory work is 
that of experimental techniques or procures. 
The EET should have developed a technique or 



procedure for the investigation of electrical 
phenomena so that he will have the ability to 
work on^ixis own without direct supervision. This 
means that several basic questions must be con- 
sidered by the EET when confronted with an experi- 
mental problem. Some typical questions are: 
]Afaat property is to be measured? What, instru- 
ments are necessary to measure this prope r t v<? 
What parameters are to be varied a*id which are to 
be held constant? What accuracy is necessary for 
valid results? Are the instruments capable of 
such accuracy? Will environmental conditions af- 
fect the results and, if so, how may they be con- 
trolled? How reliable are the results outside of 
the laboratory? 

As a final step, conclusions must be drawn, 
based on experimental data, and the results com- 
municated to others within the organizational 
structured 

The level of performance of the EET in the 
area of theory may best be established by consid- 
ering the mathematics* background of the techni- 
cian. He has had algebra, trigonometry, and se- 
lected topics in analytic geometry, calculus, and 
differential equations or LaPlace Transforms. 
Does the technician actually use calculus in the 
field? Is it necessary? Does the toxqint&i use 
calculus consistently enough to recall standard 
forms without a handbook? In many cases, he 
doesn't; but the concepts of calculus are impor- 
tant to the engineer and to the technician as 
well. These concepts may appear implicitly in 
the analysis of a problem without taking the form 
of an equation. One such case would be the con- 
ce pt of -the average of a time-varying waveform. 
If the technician, through the concept of area 
under a curve, is able to visualize 1 the average 
of the waveform over one period and apply the 
same concept to other waveforms, then he has a 
useful tool, regardless of whether he can remem- 
ber the integral of E Sin t. 

m to 

In carrying out his part of an assignment, 
the LEI must rely on his background in theory to 
aid in the analysis and design of circuitry. The, 
analysis of electronic circuit requires, that the 
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EET be able to identify and recognize common cir- 
cuits an^ estimate response, trouble-shoot sys- 
tems, and circuits, and determine circuit func- 
tions. The bistable multivibrator will serve as 
an example. As well as b£ing able kjo identify 
the circuit as a bistable, the HET Should be able 
to estimate the response of the pulse-shaping net- 
work ''when the input to the circuit is known. 
Based on the circuit "configuration, the RC time 
constant, and the- pulse-repetition- rate of the 
input waveform, the technician should be able to 
determine the kind of response that will exist 
without writing an equation for the circuit. It 
should not be necessary even, to plot the graph 
for the output response. 

The area referred to as design combines both 
laboratory and theory. The technician, being 
more hardware oriented than the eiv 0 ^r.ccr, should 
be able to convert engineering concepts or ideas 
to hardware; that is, i'f given a set c£ specifi- 
cations, he should be able to breadboard the unit 
based on 'ballpark** figures, optimize circuit 
component values, prototype thd unit, work qut 
\ 

\ 

• \ 
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the hardware problems of interfacing, and perform 
the necessary tests and measurements on the unit. 

Again, a simple example may be useeLto il- 
lustrate some of the questions which must be an- 
swered by the technician if he is to follow 
through with his part of an overall s> stem-design 
problem. The specifications of a block within 
the system are as follows: 

a^ Audio Frequency Pre -amp with a frequency 
response of SO Hz to lOJcHz 1 2di>. 

b. Output: 2v peak scross 20kohm. 

c. " Input: dynamic microphone with an im- 

pedance of 300 ohms, and an output which 
is SOdb below lmw into 300 ohms. 

d. Temperature Range: 0° - S0° C. 
Question: What is the overali gain required in 
the pre-amp? ^To answer this question, the equiv- 
alent circuit of the microphone must be deter- 
mined. The characteristics of the driving cir- 
cuit are necessary to determine the input con- N 
figuration of the pre-amp* The use of logarithms 
and Thevenin's Theorem is required in reducing 
the microphone to its electrical equivalent cir- 
cuit.- 
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MISCELLANEOUS TOPICS CONSIDERED BY ETCDP 



A number of miscellaneous items, questions 
and problems relating to the implementation of 
educational programs in electronics were con- 
sidered by the Project Staff and members of the * 
Steering Committer Those which have not been 
previously discussed in this report are presented 
here with brief summarizing statements. 

WHAT A80UT EUTRANCt REQUIREMENTS? 

a. The Comprehensive Community College has an 
open-door admission policy, 

b. Entrance to a particular curriculum shall 
be determined at the Program' level. 

c. The open-door policy may be applied to the 
Electronics Education only if there is a 
certificate program operated as a spin-off 
from a common term with an Electronics 
Technology curriculum, or if there is a 
post-high-school Pretechnical Program in 
operation. 

d. Those students who have the interests and 
aptitudes to continue with the two-year 
Electronics Technology Curriculum, following 
the common term for all students, will 
probably have the high-school credits essen- 
tial for successful completion of the 
Associate Degree program. These students 
will probably enter with two to three units 
of mathematics, one unit of the physical 
sciences and three units of English. The 
personnel of the ETCD project prefer to 
expect this of the entering students rather 
than to establish definite entrance require- 
ments. The operation \f spin-off programs, „ 
which permit an opVn-ddor policy, will 
resolve many of thdnpoblems. The secondary 
schools of each Community College District 
will cooperate to help solve the educational 
problems that are unique to the community. 



WHAT ABOUT AW kVVlUQUM SUMMER TERM? 

a. A summer term, following the first academic 
year, is a good time to offer specialized 
courses not required within the framework of 
the curriculum. 

b. A summer term will provide an opportunity 
for those students who are in academic 
difficulties to take courses required to * 
keep pace with the normal curriculum. 

c. A summer term is 4 good time to conduct a 
supervised CO-OP program with industry. 

WHAT ABOUT VRETECHUltkl PROGRAMS? 

a. A reference: "Pretechnical Post High School 
Programs, Technical Education Program Series 
No'. 12, Bulletin number OE-80049, U. S. 
Office of Education." 

b. The above bulletin contains some excellent 
information on pretechnical programs. Such 
programs, as stated therein, are to satisfy 
the unique needs of four groups of students: 
"those who have deficiencies in required 
subjects, those with underdeveloped mastery 
of organized studies, those who have suffered 
because of part-time or full-time employment 
while in high school, and those who left 
school 1 before graduation. 

c. The following suggestions are submitted from 
the viewpoint of the ETCD project: 

1. Some schools require a summer term in 
advance of the first academic year for 
those students who do not meet entrance 
requirements. 

2. There is a difference between ijloAach- 
ulcat piOQKOMb and tim&UaJL pioyiom*. 

3. Many students do enter with weaknesses 
in communication skills. One approach 
that has been reasonably successful for 
these students is to require that they 



talk into a dictaphone and learn to 
speak better. Their writing abilities 
are tlifcn^imp roved considerably. 
4, There may be a tendency, through pre- 
technical programs, to force all students 
into an Associate Degree program, 
vocational program leading to a certifi-^ 
cate, requiring less than two years for 
completion, may be more satisfactory for 
a number of the students, ^ 

\ 

WHAT ABOUT TEACHER RESPONSIBILITIES? 

For the Electronics Technology Curriculum, 
the teacher shall: • . N 

a. .Prepare some, if not all, of the experiments 
for the courses that he teaches, as necessary 

£ to nreet his and the department's objectives. 
Laboratory manuals are seldom completely 
sufficient as tiiz source for cdUL experiments, 

b. Prepare lecture notes for classroom use as 
needed,, 

c. Attend and participate in workshops, seminars 
and annual meetings relating to electronics 
education whenever possible, 

v. d. Enjoy the teaching of laboratory as much as 
in. the classroom. Surveys suggest that 
classroom teaching is preferred by many 
teachers . The practical experiences that the 
student has in the laboratory are important, 
e. Keep in touch with the activities and needs 
■of industry, N 




J" ABOUT TEACHER buALUKATlQNS? 



a. An integrated approach^ for program staffing 
in electronics is recommended. This means 
that the teacher should have some practical 
industry experience; he shall have, some 
academic work in education; and he shall 
have a good academic background in CVituuit 
Analytic, the FundammtaU oh ElzcOic tiles, 
McLtkemZicA and the Phtjt> Leal Sclc>ic&& . 

b. The exact procedures fo.r attaining this 
integrated academic knowledge, along with 
the practical experience, were not discussed 



by the personnel of the ETCD project to any 
great extent. The Project Director, however, 
(not speaking for the project staff) would 
recommend a baccalaureate degree in elec- 
tronics from either an engineering college 
or a technical institute (or equivalent) 
followed by a Masters degree in education. 
Getting the first degree in education and 
the second degree in electronics is not 
recommended. In the process of obtaining 
the baccalaureate degree in electronics, it 
might be ideal if the prospective teacher 
went the route of an Associate Degree in 
Electronics Technology, There are a number 
of BET programs in which such a route is 
self-contained. Some of these BET programs 
will aVso have the needed courses in educa- 
tion, in which case they may be deficient in 
their offerings of mathematics and the 
sciences, 

c. The rapid growth and the establishment of 
many new community colleges over the past 
decade has placed a special burden on the 
electronics teachers who received "their 
degrees before anyone knew about the teaching 
needs of these institutions. Those teachers 
who do not have the essential academic back- 
ground in their specialty need special pro- 
grams to satisfy their needs. Such special 
programs are very limited and the needs are 
not being satisfied. These teachers are 
forced to do the best they can, through self- 
study, attending Summer Institutes', partici- ■ 
pation in workshops, etc, 

WHAT ABOUT RE VIS WW OF EXISTING PROGRAMS? 

a. The revision of a curriculum^ and/or subject 
matter within a curriculum is a continuous 
process, 

b. Revisions that might be needed are often 
avoided for philosophical reasons. There is 
an inherent fear of the making of changes. 
Innovative instructors will welcome change if 
it is needed. 
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WHAT ABOUT JOB PLACEMENT OF GRAPliATES? 

a. It is important that the graduate be placed 
at the occupational level that is compatible 
with the curriculum objectives and subject- 
matter level. ^^T^> 

b. A^najor effort must be made to acquaint 
industry with the capabilities of the graduate 
and to get recruiters on campus r 

c. Need to orient and guide the graduates as to 
~ their opportunities for employment and 

selection of jobs. 

WHAT ABOUT SOFT-WARE FOR LABORATORY? . . 
a. There is a need for labotutiony t&xtbobk* 
rather thari the conventional laboratory 
manual. This means that there will be a 

t discussion of the theory appropriate to each 
experiment. 



b. Most of the textbooks now available for 
Electronics Technology are written as 
cZabbKoom textbook*. There is a need for 

rj the two" kinds of texts. 

~WH%TAB0UT INTERACTIONS WITH WUSKVt 

a. Make good use of the Industry Advisory 
Committees. 

b. Consider CO-OP programs for the students. 

c. 'Teachers should spend some time working in 

industry (summers, perh'aps) at regular inter- 
vals,- about every third year or so. 

d. Make use of industry personnel as part-time 
teachers or for the teaching of specialized 
courses. 

e. The teachers should get acquainted with the 
chief engineers -of local industries. 
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A POSITION PAPER FOR ELECTRICAL-ELECTRONICS TECHNOLOGY 



/ 



Reproduced here, and in part, is a position paper for 
the Electrical-Electronic Technology program at flew Hamp- 
shire Technical Institute, Concord, New Hampshire, Ac- 
knowledgment for this paper is extended to Professor 
Stuart Cady, Department Chairman of that Technical Insti- 
tute. A position paper such as this provides an excellent 
base for departmental and administrative operations* 



INTRODUCTION 

The Electriqal-Electronic Engineering Tech- 
nology curriculum is designejd to lead an individu- 
al toward a broad background of basic knowledge 

\* / i * * 

and, simultaneously, a background sufficiently 
specialized to produce an employable graduate at 
the end of the two-year program. 

It is recognized ;th at tne level of a program 



is determined by its, objectives and the quality 
by how well it achieves^ those objectives. There- 
,fore, the department strives to provide a quality 
technical base to the individual's education* 

The department is in accord with the follow- 
ing definitions of engineering technology, the 
engineering technician,^ and an engineering tech- 
nology curriculum as defined by the American So- 
ciety for Engineering Education , .bulletin, "Char- 
acteristics of Excellence in Engineering Technol- 
L 

ogy Education. 11 .J 

"Engineering Technology is identified^ as a 
part of the engineering field to indicate that 
it does nbt by any means encompass the entire 
field and also to differentiate it from other 
types of technology ; .\ areas such as medicine 
and biological" sciences. The engineering field 
is viewed as a continuum extending from the 
craftsman to the engineer. Engineering technol- 
ogy falls, in the continuum, between the crafts- 
man and the engineer, and closer to the engineer 
than to the craftsman. 



"Engineering technology is concerned pri- 
marily with the application of established sci- 
entific and engineering knowledge and methods. 
Normally, engineering, technology is not con- 
cerned with the development of new principles 
and methods. 

"Technical skills such as drafting are 
characteristic of engineering technology. En- 
gineers graduated from scientifically oriented 
curricula may be expected to have less of these 
skills than previously, and the engineering tech- 
nician will be expected to supply them. 

"Engineering technology is concerned with 
the support of engineering activities whether 
or not the engineering technician is working un- 
der the immediate supervision of an engineer. 
It may well be that, in a complex activity, he 
would work under the supervision of an engineer, 
a senior engineering technician, or a scientist. 

"An engineering technician is one whose ed- 
ucation and experience qualify him to work in the 
field of engineering technology. He differs from 
a craftsman in his knowledge of scientific and 
engineering theory and methods and from an en- 
gineer in his more specialize^ background and ir 
his use of skills in support of engineering ac- 
tivities. 

"An engineering technology curriculum is a 
planned sequence of college-level courses, usual- 
ly leading to an associate degree, designed to 
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prepare the students to work in a field of en- 
gineering technology. 

"The terra 'college-level 1 in the definition 
of an engineering technology curriculum indicates 
the attitude with which the education is ap- J 
proached, the rigor, and the degree of achieve- 
ment demanded, and not necessarily that the cred- 
its are transferable to baccalaureate programs. 11 

THE ELECTRICAL-ELECTRONIC ENGINEERING TECHNICIAN 

To excel in his work, the electrical-elec- 
tronic engineering technician should have the 
following abilities, knowledge, skills, and re- 
sponsibilities: 

A. The ability to apply mathematics through 
elementary integral calculus as tools in 
the development of ideas based on sci- 
entific and engineering principles. 

B. An in-depth knowledge of electrical and 
electronic circuits and devices, includ- 
ing the ability to design and construct 
basic circuitry. 

C. An extensive knowledge of laboratory * 
test equipment and test procedures, in- 
cluding the necessary skills to operate, 
calibrate, and maintain the equipment. 
The ability to design basic instrumenta- 
t ion systems and procedures. 

D. An understanding of the methods, materi- 
als, skills, and processes commonly in 
use in the field. 

E. Flexibility in adapting to a changing 
world of work which may often involve 
other technical fields. 

F. The ability to analyze, interpret, and 
communicate facts and ideas graphically, 
verbally, and in written form. A sig- 
nificant aspect is that, since the en- 
gineering technician is frequently the 
liaison between the engineer and the 
craftsman or technical specialist, the 
ability to communicate with both is es- 
sential. 

G. - An awareness of the broader responsi- 

bilities to society as a whole. The 



engineering technician must be con- 
cerned for the welfare of those who 
will utilize the end results of his 
technical efforts as well as ( for any 
deleterious effects on the environment 
in which he lives. ^ 

i 

THE CURRICULUM-- PHILOSOPHY, ORGANIZATION* , AMP 
COftTENT ' > \ 

The objective of the Institute is to pro- 
vide an educational experience that w.i 11- assist 
the individual to function in an effective way 
as a citizen and a contributing member to ( soci- 
ety as well as a recognized semi-professional in 
his chosen field of work., \ 

To implement this objective, the student 
takes a course in English or Social Science \ 
every term. Good cooperation exists between 
the departments as they recognize the interde- . 
pendence of the /areas. For example, efforts are 
made by the technical specialty instructors to 
view the students' paperwork for the qualities 
that members of the English department expect £s 
well as for the technical content. ^ 

During the freshman year, the student studies 

the fundamentals of electric circuits, circuit 1 

analysis, and basic electronics. The mathematics 

and physics courses provide direct support to the 

technical core courses. Considering the short ' 

period of time available for the education of the 

engineering technician, many courses have pre- \ 

requisites. It is abtoluteZy wece44a/u/ that the \ 

objectives of each of these prerequisite courses 

be met so that the student may satisfactorily 
* 

master the material in the advanced courses. 

Other i freshman courses include engineering 
graphics and electrical drafting, which are taught 
by the Mechanical Engineering Technology Depart- 
ment. An orientation course provides guidance 
for the student to adjust to college life and to 
inform him about the area that, he has chosen to 
study. A seminar course provides him with an 
opportunity to select and plan programs of inter- 
est. 

*In the senior year, the student rapidly 
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expands his technical horizon. Courses in elec- 
trical measurements and instrumentation develop 
a competency and a sense of confidence in an area 
that^is basic to an engineering technician. A 
course in electrical machines and controls enables 
the student to gain an understanding of motors 

* and generators. Building on the electronics 
course in the first year, the student studies 

■more advanced concepts of semiconductor devices 
and- circuits, including basic design considera- 
tions. 

The first four terms are identical for both 
Electrical and Electrcoiixjnajors • Hie fifth term 
diverges, with the Electrical majors studying ad- 
vanced concepts of electrical machines and con- 
trols. This is followed in the last term by 
^courses in servomechanisms , instrumentation, con- 
trol system analysis, and a technical elective 
which may be chosen from computer electronics, 
mechanisms and design, and UHF and microwaves. 
This curriculum is designed to develop a control 
system emphasis rather than a power emphasis. 

During the fifth and sixth terms, Electronic 
majors study communication electronics and UHF 
and microwaves as they develop an understanding 
of electronic communication fundamentals. .They 
also iiave a course in industrial electronic the- 
ory and applications in addition to choosing a 
technical elective. The choice may be made from 
computer electronics, servomechanisms, control 
systeiri analysis, or mechanisms and design. 

The curriculum' is kept current by a close 
relationship with industry. Faculty members vis- 
it industry individually and on field trips with 
students. Many also attend professional society 
meetings and exhibitions. In addition, a number 
find employment in industry during the summer. 

One of the most important aspects of the 
student's education is that he develop the capa- 
bility of working with a minimum of -supervision. 
As he progresses through the curriculum, he as- 
sumes more responsi.bilit) fo** his laboratory in- 
vestigations, class work becomes more challeng- 
ing, and he may write technical reports in areas 
that are not covered in the regular class work. 



As a result of the continually changing na- 
ture of technology, the student is made aware 
that, to remain employable' at the engineering 
level, he will have to, continue his education 
formally and/or informally. 

^ The -laboratory part of the courses serves 
to reinforce the theoretical concepts developed 
in the classroom and places the student in a situ- 
ation where he must use his hands in producing a 
working result. The laboratories at the Insti- ; 
tute are modern, well-lighted, and well-equipped 
with up-to-date laboratory-grade equipment. 
There is ample equipment so that students may 
work in small groups and gain skill in the op- 
eration of various instruments and in the taking 
of valid measurements. To add to the "hands-on 
time" that the student has with the equipment, 
laboratory sections are small enough to enable 
him to obtain adequate assistance from the lab- 
oratory instructor. 

After observing and recording the data from 
Ids experiments, the student must analyze, inter- 
pret, and report on the data, either orally or 
in written form* ^The laboratory requirements in- 
clude the writing of formal type scientific re- 
ports. After the student has demonstrated a rea- 
sonable proficiency with the formal reports, he 
then presents much of his future work in the form 
of an engineering laboratory notebook similar to 
one that he may be required to keep in his future 
work , 

As the student gains experience in the lab- 
oratories, he is given more 1 freedom to investi- 
gate the problem in question in his own way. In 
a sense, the student "writes his own laboratory 
experiment." He may determine the specific area 
of his investigation, design the necessary*£.ir- 
cuits, and determine the instrumentation to be s 
used in gathering tlic necessary data to report 
on his investigation. This flexibility in the 
laboratories tends to more closely approximate a 
job situation, particularly in the more advanced 
courses. Hie student gains in self-confidence as 
he achieves goals in the real world, not just 
theoretical ones on paper. 



I s 

The fabrication and project course sequence 

& x » 

offers the student practical information on mod- 
ern fabricating processes and an opportunity for 
development of a student-oriented project* Each 
student is the focal point of his project ^Oper- 
ating within available material, time, and cost 
constraints, he develops drawings, schematics, 
bills of materials, and cost analysis sheets, 
and the operational piece of hardware with final 
data information. The student is encouraged to 
.us'e imagination and ingenuity in the development 
Of jus project*. 

An important aspect of the laboratory work 
is the skill in trouble-shooting circuits that 
the student acquires* The techniques that are 
developed in removing problems from the basic 
circuits may readily^ be extended to complex sys- 
tems* 

Since the engineering technician is primar- 
ily concerned with the application of scientific 
and engineering principles, it follows that a 
"significant^part of his time is spent in the lab- 
oratories* Approximately 48 percent of the core 
course- time is allocated to the associated lab- 
oratory. Overall, approximately 36 percent of 
the total curriculum time is allotted to the sup- 
porting laboratories* K 

The faculty of the department recognizes 
that the personal and social needs of the student 
are equally as important to his success as is his 
technical proficiency when he graduates. Conse- 
quently, every effort at their command is used to 
make the student realize and feel that a genuine 
concern for his well-being is present. Basically, 
ttyis concern is expressed by motivating the com- 
petent student to perform in a positive academic 
and social manner, by counseling and challenging 
the superior student capable of advancing his ed- 
ucation through continued study at other insti- 
tutes of hi 'her learning upon graduation, and by 
guiding the academically weak and/or vocationally 
misplaced student into other levels or other pro- 
grams of learning that may more satisfactorily 
meet his personal needs or capabilities* 



EMPLOYMENT OF ALUMNJ 

Graduates of the Electronic Engineering Tech- 
nology program have been employed in a wide spec- 
trum of positions* More and more of the "hard- 
ware" work formerly done by engineers is being 
performed by the engineering technician* A num- 
ber of companies have -hired graduates of this 
program into positions formerly filled by gradu- 
ate engineers* However, most of the graduates 
have been employed ^at the engineering technician 
level • 

> ... 
A representative list of initial- job .titles 

of graduates follows: * 

Electronic Engineering Technician 
Engineering Aide 



r Associate Engineer 

A 'Design Engineer 

* Hoc-inn M 



U.esign Draftsman 
Systems Test Technician 
Field Service Engineer 
Customer Service Engineer 



EMPLOYING COMPANIES , 

Companies employing our graduates include: 

Adyent Electronics . 
Aerotronics Associates 
.Browning .Laboratories 
Brown Company 
Sanders Associates 
General Electric Company 
IBM Corporation 
Improved Machinery Company 
New England Telephone 
- Kidder Press 
Raytheon Company 
Bell Telephone" Laboratories 
Evans Radio, Inc. 
Sylvania Electric Company 
Public Service Company of N. H* 
Stone and Webster 1 
Digital Equipment Corporation 
New England Power Company 
- Northeast Electronics Corporation ^ 
Sprague Electric Company 
Exeter-liampton Power Company 

TRANSFER OF ALUMNI TO UNIVERSITIES 

An increasing number of graduates are con- 
tinuing their education and receiving significant 
transfer credit in engineering programs at the 
university level. I went y- four graduates' from the 
department are continuing their education full- 
time. Many others have matriculated in Evening Di- 
vision prSgrams leading to a baccalaureate degree. 
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CONCLUDING REMARKS BY STEERING / COMMITTEE MEMBERS 



This section contains concluding remarks by each of the six 
members of the Steering Committee for the ETCD project. These are 
presented here in the following Sequence: Concluding remarks in 
Carrol Livesay, by Roger Mussell, by Eric Ruby, by Neal D. Voke, 
by Felix Wheeler and by Robert Wilson. Each of these gentlemen 
will be happy to discuss the problems of electronics education 
with any interested parties. Refer to information in the front 
material for their present addresses. 



\ 
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COUCLUVIUG REMARKS BV CARROL LIVESA/: . 

ETCVP: Can Vou Change? 

The necessity ior change is evident as the 
materials presented witflin tlitee coders aAe seri- • 
ously studied. The degree and the type-oi change 
b\ eadx person*s situation will be diiieAent. 
Whete you stand now must be rigorously evaluated 
and than compared witix thz eiiorts o& others who 
have concentiatea\ on tka> subject oh electronic ^ 
QAxfiXiojJLum development. 

Those who participated in this project have 
taken a hard look at the requirement placed upon 
tixe electronic* training programs and have changed 
their thinking many tones. For InAtanct, it be- 
came obvious that there should be moie tlxan a 
rigorous math-based electronics curriculum ii 
tixz community college was to match thz student 
to thz job. 

Vou should be extremely iamiliar with change, 
ii you have kept pace {to a reasonable extent) 
mtii tiit electronics industry oveA'stixe years. 
Vou must be willing to do tixe same kind* o& 
tiling in electronics curriculum development on 
guidance tliat you^ have been doing continouily 

you have maintained iamiliarittj witlx thz elec- 
tronics industry. This may mean tliat next year'* 
tw-tl\irds o& a course should be completely re- 
vised ok another course added just as in engineer- 
ing new models oi a system. A circuit ob-a-sys^ 



ten might be changed irom tube*, to bipolar tran- 
sistors, to iield <&Hect transistors f to inte- 
grated cihcuits. [This may be tixe~rea*on-that 

electronics 7 engineer usually lit Into electronics 
technology educational positions .so readily and 
aAe not adverse to changing a course ok making a 
major curriculum change',)' 

The work oi the ETCVP will aid in making the 
process oi changing less painiul ii it Is used , 
conscientiously. This has already happened to 
many who attended the national jconiermce in 
February, to tixose who participated a* Steering 
Committee members, to tixose on the project staii 
and to many other*. 

ft 

C0HCLUV1UG REMARKS BV ROGER tttlSSELL: 
ETCVP— The Project 

% The narrative Qi the original proposal lists 
six major signiiicant objectives or. activities < 
These objectives have been met. The contributions 
by tlie Project Sta&i, Steering Committee mmbers, 
consultants and participants in National Science 
Foundation Institutes are>many and are worthy oi 
note. However, I would like to relate speci&ical- 
. ty to objective* three and iive. These objectives 
deal wCtix instructional media and college industry 
interaction: 

3. To develop the uses 0& cCv'ailable media 
oi instructional technology* appropriate 
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to the particular needs oh electronics 
zducatipn. ^ 
5. To dzteAminz. thosz working relationsliifc 
by idii\h the colleges and industry can 
interact to their mutual advantage to 
satlshy Vhc needs oh industry and the 
student. \ 

One o£ thestrengtw oh tliis project is* the vigor 
mth ichich this are\ oh instructional media iooi 
pursued, and thz manner in which it was related 
specthiealty to thz teaching o£ Electronics Tech- 
nology. It ha* been proved bzyond rzasonablz 
doubt that non- experts can prepa/ie medta presen- 
tations-- given an adequate amount 0(S timz'and 
support zquipmznt. 

An additional strzngth oh tliis projzct is 
t/ie^-aie spirit oh cooperation obkainzd (Jrom the 
hollowing companies when asked to assist in de- 
\>eloping a technique to relate the industru to 
thz student. Thz hour companies arz: 

Boutin* /Chicago Xerial Indust/Uzs 

Motorola, Inc. 
- UndeM&UteAA Labonatorizs 

Western Electrtc Company . 
The development oh mzdia presentations using 
video tape, slides and movies indicates ttiat: 

a. Industry can be brouglit to the class- * 
room; 

b. Medca presentations can be done at: rea- 
sonable cost; 

c. Mzdia presentations can be accomplished 
by amatzurs; 

d. Medca p^ie6entat^onA take a reas onable. 

amount: oh timz and support zquipmznt* 

A (JurtheA s.Viengtli oh this project*is> the 
tnve6tcgatcon o(5 ComptxtcA-AA4>t6ted Instruction, 
'4peat(iicat£{/, tixat dealing tutt/i the inyeAttgatcon 
OjJ Circuit Analysis by ComputZA at thz engineer- 
ing technician level. In the past, this topic 
has primarity been an upper- division course. 
Tills topic alonz has trmendous, ^ar-r caching 
ramihications rfor tf"tu/ie cotm^tAuctaAicng - - 
^objectives and expected student behaviot. Tliis 
topic should be developed purine* in specific 
relation to the cur/ucalum as it -ts hzAzin de- 



v'ejipped. 



Upon completion oh the project, we^stand 
at t/je tiireshold oh t/ie entiAe area o^lmedca 
an^ how it can be (ju/iiheA developed to cud the 
student- community college- indusViy intWtela- 
tionlliip in the teaching oh Electronics Tech- \ 
nology. Enough samplings oh varied tediniques 
have teen success holly completed to suggest 
one o ( rf the prime conside^iatcotis ^ o?L tfuiare work 
to -bej: «- . j 

That continued and consistent ehhoit be . 
given to tki6 ^leseaAch, baied upo» the 
^indtngs os titis ,p^ject. * ' 

That the /jiv zAtigation be limited to 
pie aKQ/aoh Electronics Technology And 
utilize tiie cuwUculum as developed 
herein to key the development oh *e- • 
lated .instructional mea^a. 

■ ' ,/ 

- CONCLUDING REMARKS W ERIC RUBV? 

Cnxtique oh ETCPP 

lh a commurt^tt/ cotlege is to live up to its 
c/iatlenge f it mast be comprehensive. This is 
not an east/ taife. A commlxniXy college does not 
become comprehensive simply by increasing the 
number oh programs ^ [or courses) which it o^ens* 
We mat/ begin to get an idea oh what it mzans ho* 
aji insXMution toj be comprzhznsivz by ^i^st stilt- 
ing the hiree accepted categories usually men- 
tioned in discissions ' sucti~a& tlits and then ex- 
amining I in some detail the category in wtiich wk 
^4in4^e cu/iAicutiiwi oh this project. The cate-^ 
gories mentioned above are: 1) kdvJU [continuing 
or erMchment) programs; 2) Terminal [or career- 
oriented) program^; and 3) Transhzr [or bacca- 
laureate- oriented^ programs. , 

The career- oriented, pro grams are character- 
ized, by diversion. Diversity in the general iields 
The range is ^&o ictde tliat I doubt tjiat any one . 
list is complete. H completeness does e^ist to- 
day, it Is likely nbt to have accounted hor some 
"merging occupation;" and consequently will be- 
come incomplete unless j$iCQue»itlr/ updated, A 
'partial Ust would include: Ucct>ionicA t tlzc- 
trician training, automotive careers, agriculture 
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related careers ; business and data. processing 
caAeeAS,. optics, nursing, medical and dental L 
j Sinologies, petroleum techiologies , etc. 

The diversity does not end here, lh toe coh- 
sider just tJie electronics area, toe usually again 
see! tliree common categories: 1) trade level;, 
2) industrial 'level; 'and 3) technical level. 
The &Vu£ -two are sometimes comfa-aied .otto a sin- 
s gle category called vocational. The technical 
level is sometimes broken into -two sub-groups: 
* 1) ^Industrial tedxnologyi and 1) Electronics 
- Engineering [related) technologies. 

,'Since this iitld [electronics] ie> so di- 
y verse, conhusion^isthe major result oh any at- 
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tempts, to , categoi-tze. The engineering manpower* 
commissim gave, up even trying to separate -the 



i . iitld into -two groups, 
uakion aren't helping. 



oigaaUiitd instructors. The problem has 9 many 
hacets bat one is paramount: nobody is ^prepar- 
ing theml Vocational and technical education 
college* do not give the students a suhhicient 
background in the engineer,'' ng 4<vce«ce6. 'Enpincen- 
ing colleges cover tlxis, but on a math and science 
level which ie> simply, not attainable in a -two* 
yeaA program. m 

There have been a number oh Summer Insti- 
tutes and Academic Yea/i Institutes which have 
assisted. These institutes have not solved the 
^problem. Orie reason^is that they have been too 
heuo in number. Another is that thiy*have all been 
involved in upgrading people already in electron- 
i &jEd ucation. We need programs to teich t people 
toha%ie eng-tneeto how to teach tech. j logy. This 
will not 'be easy, engineers do, not have' [and 
are not likely to get), summers ti'hh to attend „' 
such programs. / 

I have digressed. Mt/ original point was f 
% i 

that no cdltegc can be comprehensive in the 

* / 

strictest sense oh the word., further, no -col- 
£e<je should call itself comprehensive unless it 
has several levels oh technical pfocrams [in- 
eluding the engineering technologies ) . * 

The key to the proposed curriculum is the 
math content. Without the math, the obiectivjis ' 
cannot be reached. There appear hour distinct^ 
reasons tfot the inclusion oh a given math topic: ^ 
. 1. lh the graduate will be expected to use 
the topic to solve problems ahter grad- 
uation, the topic must be included. 

2. lh the hittd shows a trend such that 
the topic will probably be used tiy . 
technicians oh -the tfittufte, it shjuld 
be included. 

3. lh Hie graduate will be expected to 
work with [or on) equipment which per- 
horms the related math, these qopics 
must be included. 

4. lh the math topic makes it eaAiex to 
grasp a concept [especially a system 
concept), then it should be ilncluded. 

It can be shown tliat all oh the matix content oh 



.The semantics oh the sit- 
Electronics is so broad • 
a jS-cfe^i -that it is not possible two-year 
pogrom to completely cover the tf>te£d. The cur- ' 
riculum^developed by ETCV? has as its major ob- 
jective tlie development oh eore co'urses to which 
technical elzctives must be added. TheMst<oh 
possible elzctives is quite long' and no school 
could possibly o.Uvl them all. We bind, there* 
ho re, that each institution cohering elect/tonics 
technology usually o^eA auch programs 'wltii vari- 
ous emphases such as: communications options, 
computer options, instrumentation or control op- 
tions, vtc. ' To be comprehensive, a college would 
have to p(5(5eA all possible such options on all 
possible levels. \ 

The Aesalt'oh the above Situation is that a 
college is very likely to institute trade or - 
cational programs [spmetimes unwittingly call*, 
them technologies) . The leaAo^tfo* tiiis are 
many^and varied. Sortie oh #e reasons are: 

1) vocational inst/uictors are easieA to obtain; 

2) vocational instAuctors do not, in general, re- 
quire as large a salary} 3) it is easier [sup- 
posedly) to &ind students ho* 4"<^ program*; 

' 4) most pzople who serve on area* need studies 
have a vocational background, etc. , 

The paramount problem in electronics en- 
gineering technology today is the extreme ihottage tlic proposed curriculum meets leasontl 1, 3 xnd 4; 
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and most meet reason I. Moc/i^oae mu*t 6e taken 
ttiat math topic* go deeg enough ta be u*ehul but 
ndt^so deep, a* to unnecessarily eliminate a stu- 
dent who doe* not haw. a lUgh matii aptitude. 

The circuit* aequeuce is almost a* import* 
. tant a* the math, *ince the real world devices 
(^an4^ato^6, tuBj^^FET 1 *, SCR'a, et^.) a/te 
normally *rtu&ied by ilrut determbxing an approxi- 
mate circuit mod&t. Such a cucuit mpdel is a . 
grouping o £ resistors, capacitor, inductors, 4 
.diode* and spurcts! l& tiie student is to under- 
■ stand the. device, fie mu*t^hir*t understand thi 
• circuit conce.pt*. n 

The. project ha* covered a surprisingly "lot 
\o£ ground 9 ! I'm veAy impressed with'tiie result. 
The. stahh fro* exc?.eded-jr\y highest zxpzetation*. 
However, the. work ** not comp£e&* Much *emain6 
to be done.* Probably the.. most pressing oh 
theae ia*k* i* to identihy andJwevelop alternate 
approaches to'and sequences oh the topics. Thi* 
I* especially true oh the circuits sequence. 
The. project did identify some alternate, ap- 
proaches, but did not have, tme^to develop all 
o£ them, ox to prefif.nt 'alt oh pie idea* tlxat 
were generated a* a part ph this report. 9 

COHCliXOim REMARKS- BY NEaI V. V0£E: 

* The necessity oh ohhering *tudent* an at* 
ternative to the matli- science ba*ed Electronic* t 
Technology program ha* been established in tiie 
report. ^Tlii*' u 6pin-*o6i u concept provides an 
opportunity ion those *tudent* who are le**. 
capable in matii-*cience course* and/ on who' are 
primarily interested in *ervicing electronic 
equipment and want to remain in a)i elecVionic* 
program. One *otution to the. problem, <{o* * 
f tho*e sqfiogl* Operating gn^the quarter plan, . 
- i* to have all student* enroll in tiie *ame 
ele^ctronic* courses -[i.e. Introduction to 
Electronic*) ^on tiie (irst quarter. At the end 
tJ^/iV iir^t quarter tiie studetU*, aided by • 
tiie faculty and guidance *tahh, will decide whicli 

progtuyn'i* best suited to tiieir need*, abili- 

\ 

w tie*', &nd occupational goal*. 



This metliocL, however, is not *ati*hactory 
ho* student* enrolled in sdiools operating on 
tiie semester plan, hi view o{ tiie tfact- that 
tiie servicing- oriented program may be only tm 
semester* in lengtii, tiie studetit cannot wait 
until the end oh tiie iirst semester to make a 
decision. In most cases, one semester would 
not be an adequate amount oh time to complete 
the requirement* oh a *ervicing program. Thts 
means also, tiiat the student* planning to com- 
plete tiie tooth- science based program mu*t wait 
one hull semester before they can begin *tudies 
in circuit analysis. 

. * The hollowing, proposal is an attempt to , 
«unp£ement the "*pin-ohh u concept in a semester 
*plan-. Basically t the proposal requires 'all 
student*, to enroll. in^a .course called Fonda- 
mental Electronic* [Section I), lasting six 
week*. At the end oh the *ix-week period, tiie 
*tudent*witli the aid oh the haculXij and the 
guidance *tahh will decide wfuch oh the two 
p^iogAomi (E£ea#tou/CC Eng>cwee/totg Technology 
or Electronic* Servicing) he wishes to complete* 
¥or tiie remaining eleven weeks oh tiie semester 
[and tiie balance oh the program) he will study 
material specihically designed ho* a particular, 
program. Since'many servicing- oriented, certih" 
i'cate programs 'are only one year in lengtii, 

r • 
i ♦ 

Table I. First Semester Schedule 

« 

First Semester of the Electronics Engineering 
t Technology program 

Electronic Fundamentals 
. Introduction to Electronics 
Resistive Circuits 
Basic TeclvWath 
Communications 1 (RHT) 

First Semester of the Electronics Servicing 
Program 

Electronic Fundamentals* 3 
Basic Electronics ' 5 
Service Techniques' 2 
Elem Tech Math . 3 

Communications 1 5 

16 



3 
2 
4 
4 
J_ 
16 



making an zaxly decision is lUglilij des Liable. 
This mzans also tixat the itadents in tixe matix- 
sciznee based pnognam can start coicuLt analy- 
sis mudi earli.er. 

Aj shown bij tixe outline Table. II, all 
studznts begot tixz szmzstei 61 Fund cental Elec- 
tronic*, Communications I (R/tetottc), and Basic 
Tedxnical Math: At tixe end o^jtixe six weeks, 
tJxe* studetxts may continue tn cii/tet tixe ae/t- 
vtcing p/to^^uun ot the mat/i-4cte»ice baaed E£ec- 
&to»ttca Tedxnology pnognam. The £ctat aemeatct 
clzctAonicb couxszs are listed according to 
semester- hour credit and tixe conventional 
lecture- labonatotej natlo. HoiceveA, tixz c£aii 
schedule would list tiiise courses as being 



oiierzd^during tixz binst 6 weeks <?* tixz last 11 
weeks ofl tixz semester. Tixz conventional fiz- 
lationship o£ 2 contact hours per ween vex 
semester &o>i 1 semester hour o£ credit Lb main- 
tained a* nzarlu m a* possible hoi all electronic 
courszs. ( Fundamzntals o£ Electronics is listed, 
as I lecture, 3 laboiatoiy hours. ^ Itf tixls icznz 
scheduled, on a swzstVi basis, tixere would bz 



55 Student- contact houis. The total student- 
contact hours on tixe 6-week schedule is 90 
hours . ) 

Ml students also ennoll in a Basic Tech- 
nical Math course. Students desiring to 
complete, t/ie Electronics Scivicuxg Vnognam 
would t/iansfizn to a mon.e zlementaAij matix counse 
at tixe end o& 6-xveeks. 

This would be an ideal situation fax uti- 
lization a 5 piognarmed units in elementary 
technical matixematics . A passing gnade on a 
"package" o£ pnogfummed units dzsigned spe- 
cifically fan students in electronics servic- 
ing could bz uszd to satis y tixz requirements 
ion. tixz 3 semester hour course llstzd as 
Elenctitaiy'TcditUcal Mathematics. 

Attlxough each institution has unique 
P'Xoblws izlative to scheduling, ^registration, 
faculty load, etc., thz nzzd fan. providing 
students wittx an alternative to tixe matix- 
science based pnognrn lather tiian fa-icing 
tiizm out sdxool, Should bz given pfumary 
consideration. 



Table II: A Portion of First Semester Schedule to Show How Spin-off is Implemented in 
a Four-Semester Program. 



Fundamentals of Electronics 
3 (2-3) 

(15 clock hours perj^eek for * 
the first six weeks) 



TO Electronics Technology 
Associate- Degree Program 



i Introduction to Electronics (2) 


1 lecture, 2 lab 




(5 clock hours per week 


for the 


.last 11 weeks) 




Resistive Circuits (4) 




3 lecture, 3 lab 




(S clock hours per week 


lecture and 


5 clock hours per week 


laboratory 


for the la^st 11 weeks) 
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TO Certificate Program 



v 



Basic Electronics (5) 
3 lecture, 6 lab 

(5 clock hours per week lecture and 
10 clock hours per week .laboratory 
for the last 11 weeks) 

Service. Techniques (2) 
1 lecture, 3 lab 
(6 clock hours per week for the 
last 11 weeks) 



/ 



CONCLUDING REMARK^ 8/ FELIX WHEELER: 



/ 



Community college* contemplating a cQllege- 
level curriculum in electronics technology will 
&lnd both a tiigh challenge and a great assis- 
tance in the, body o& tliis report whicli I en- 
dorse 06 the. &inal product o& tliis MSF project. 

i * 

I mold also like to make a tfew remarks ; below, < 
itilxich may be. helphul to your under* tajiding oh 
the nature oh the. cliallenge implied by tiiis 
report. - I 

Few colleger wilt admit to having programs 
triiicli are oh less than ccllzge level. However, 
many do have such programs in spite oh their 
protestation* . Tliis is particularly true anxong 
college vocational and technical programs, the 
decision to have a plagium oh less than) college 
level often is not a conscious* decision*. It 
is simply a consistent tfac&iAe to remedy the 
high*sclwol deficiencies oh entering students 
and to establish standards hoi program jacf- 
mission, particularly hoi vocational-tt^hnical 
programs . This is a decision hoi mediocrity 
and is very expensive -in tennis oh the damage 
to aspiration* oh botii the students and their 
•teachers. It also damages the image oft the 
institution. 

Just novo, it is probably Vine that a 
success hut electronics technology program, that 
Is, one ttaving program standards and not less 
than *ixt2$n graduates each yeaA, has little 
chance oh being developed in the absenci oh & 
strong vocational electronics program, that ii, 
one liaving proaraj^ standards and not less than 
sixty graduate* edcli year. The fieason hfa 
this connection lies in tlie ({act that, just 
novo, tlie best system ho* handing ovalihidd 
students ho* tlie two- year program is to gkadu- 
ate tii'em hrom tlie one- yean. program o\ to tin- 
cover tliem in the. process oh recruituiq hty 
tlie oni\-year program. \ 

A better method oh finding stude*it*> I 
quaJU-hizdJ& enter .tlie tin-year programs wauld 
be to divert tliem h^om ^ier programs. The, 
two most appropriate h<.?t>i* h 0 * 1 * u< ^ 1 dvjzrsions 



( y ■ 

art pre- engineering and liberal arts and 
sciences (LAS). . 

In pie case oh pre- engineering students, 
many will not be able to cope with tlie pace and 
rigor oh the university programs. Tltis is 
particularly true oh students considering elec- 
trical engineering where electromagnetic hlzld*, 
as applications oif vector calculus and dihher- 
ential equation*, are sudi that neitlier, the 
student nor any j counselor who is not a»t\ 
Electrical Engineer can see the hazards ahe dl 
The best interest* o'h the student would be j 
served by providing a quaU^ied counselor 
and, where appkopriate, diverting the student 
to a career (jieJtd such as electronics techl 
notogy. J / . , - / 

In* the case oh-rnany LAS students, their 
aims are nojt so much hor the purely cultxiral 
advantages j o'h such a program as they are) hor 
an opportunity to search hor a hizld oh linter- 
est in which tiiey can hind rewarding, careers . 
Here is 'm unlimited opportunity h°* Q °bd 
work by gbod counselor* to help these Students 
hind a h&JLd oh intere t, perhaps in elec- 
tronics. I To do this, the counselor wjjuld 
need plenty oh detailed inhormation, I perhaps 
stideltapk presentations, which authentically 
describe the scope, challenges and opportunities 
oh zacli identihi&ble "hield oh wo/tfe as well as 
tlie programkand standard* at that jschool ■ 
which would help the student to succeed in 
each hitld. \ J 

lh there i^s a place hor electronic* 
teclinology in your college, I foop t c you wilt 
take the "High Kyad" to electronic* technology 
witli Vrohe**or Bahb. Just don'tlexpect to hind 
me on the "Low Road," because tliat's where I 
strayed and hound by experience jtlie tilings I 
have related bniehuu above. 



CQHCLUVIW REMARKS BY V08ERT WtlCOH 

The Electronic TYchnotogij Cursicutum de- 
velopment Pxojcct has Wen a ma jo l conttiLt£tdn 
to tlie "enqinceiing technologies Jkmbers 




■ oi the project Ataii did an outstanding i'cb oi 
Aufivzying tlxz existing ElzctAonic6>Enginzzning 
Tzchnology cu/iAsLculwn and doizctuxg attention to 
courses wliidx needed AzvLhion. A gnzat dzal oi 
g£t£jXtjsw wa * devoted to tlxz matlx- cuAcacti se- 
quence. Mailt/ zxt/izmzly creative idza* wviz 
-bicugkt iontlxby the project starfrf. Fok zxamptz, 
Zabonatosuj experiments wzaz wnixtzn wlxidx used 
the concept oh 'introducing topic* in the labom- 
tony MtlxeA than tlxAougk IjzcXuaz. - These 
expcAi/nents used a yMh and Kzalibtic appioadx 
to topic* such, as Thzvznin!6 Thzoiw, etc. 

T/ie ov&iall pliilotoplxy oi 'thz ElzctAonicA 
*Engintzning Tzchnology CuAA^culum pnogKQAbzd 
coiAidznabty duAing thz wol oi tlxz pnojzct: 
A cuAAiculum gutlinZjWhiclx iouA 6hont yzaAA ago 
wa6 virtually tmttetzd, gaimd thz tuppoit and 



respect oi tlxo^z who have used it. EacJx wa6 
abtz to dtiauo, $bm his own pvu>onai expedience 
oi u^ing tt\i& J cuAAiculum when suggesting Azvtiion 
ok AzoAganitation oi courses. Each membe/i oi 
thz pAojzcX ttaii as wilt as tlxz Uzzning 
commUtzz bzh\iitzd gnzatiy iiom tixt project. 

FatuAe ziionte should be dUzctzd towaxd 
tlxz Singlz Tune Con6tatxt coutse and it* companion 
matix cou/ise as we££ as the Ketiwnk AnalytU 
course. At this point in twz, thzAZ U> 6tiZl 
need ion. an adzquatz tzxtbook jjoi the Singlz 
Yi/ne Con&tant coime. 

I wou£d £ifee to takz tkis opponXimity to 
congnatulaXz thz piojzct dt/ieetoi and starf4 ion 
a job well done. I would aUo likz to thank 
them ioA tlxz opportunity to panticipatz as a 
mwbeA oi thz~ project steettng comrniXtzz. 
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Prof. Daniel S. Babb 
Electrical Engineering Dept. 
Uviversity of Illinois \ 
Urbana, Illinois 61301 



(Education Research Associate 
Garden Grove, Califc^rfia) 



es, 



Dear Professor Babb: 



It is very satisfying to note this project recognizes the 
need for providing an upgraded electronics engineering tech- 
nician program, and that the success of such a program is 
rooted in an adequate math-science base • 

I fi rmly believe that a two-track electronics program phould 
be seriously considered by every community college* Those 
studentswho have the ability and inclination to pursufe an 
upper track math-based program should have the opportunity 
to do so. Unfortunately, the usual practice is to lump all 
students together into a single track program, which desper- 
ately attempts to avoid "snowing" the vocationally oriented 
student without boring the engineering technician level / 
student. The end result is a less than optimum education 
for both types.- Very few schools are truly generating tech- 
nicians trained to the best of- their ability. In fact, med- 
iocrity is so prevalent that even industry standards are 
often scaled down to meet the available level, and in turn 
the community college adjusts the quality of its output to 
meet these watered down requirements. * 

I, personally, have trained hundreds of students in advanced 
industrial training programs as well as community colleges, 
and tine and time again find them capable of comprehending 
aad analyzing material at a level far beyond that which they 
were originally exposed to. These students could accomplish 
even more if they had been offered the opportunity to pursue 
more challenging electronics programs in their formative years. 

The effort your group is making towards identifying those 
broad based concepts and mathematical tools with which to 
implement the progragi is particularly worthwhile. I f m sure 
there are many who will say it isn't feasible, but, .by the 

same^rafcen one^csnsaYJ' "WD t h-rnX"v~eTirtw 

Surely, a project as significant as this is worthy of the 
thorough investigation your group is providing. 



(Mr Cutler spent several days Sincerely yours, 

discussing the ETCD project . n>-~~-r(\ 



with the Project Staff. His 
letter is appreciated. --DSB) 




Phillip Cutler 
Director 
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A MESSAGE FROM THE PRESIDENT OF PARKLAND COLLEGE 



Parkland College was pleased to join with the University of 
Illinois and other institutions of higher education in the elec- 
tronics technology curriculum development project. The project 
has now been completed, and the results have served to answer a 
number of questions which have significance in the important area 
of curriculum development. 

One of these questions concerned' the feasibility of several 
institutions working together on a major project to accomplish 
meaningful results. The end product of this project, which was 
the development of key subject matter for core courses in elec-^ 
tronics technology, indicates conclusively that the answer is in 
the affirmative. From the beginning the project has. gone smoothly 
from an administrative point of view, and the general enthusiasm, 
and motivation for cifrriculum reexamination and improvement have 
been welcome side effects of the project. These benefits, I am 
sure, have been experienced by all participating institutions. 

It occurs to me that what has been learned from this project 
in electronics technology curriculum development can be applied 
to other disciplines with equally good results* Desirable curric- 
ulum change, traditionally, is difficult to achieve. This pro- 
ject -illustrates how cooperative effort can provide the foundation 
to accelerate this change. Projects of this type should be 
followed by related workshops, spanning at least a week in length, 
and which involve a number of institutions. In my opinion, such 
an approach to curriculum development shows promise of accomplish- 
ing excellent" results, and would justify financial support at the 
federal, state or local level. 

We at Parkland College were proud to serve as host institution 
for the electronics' curriculum development pfoject, 4 and are confi- 
dent that the results will serve to strengthen electronics technology 
in two-year institutions* 



A Community College Serving Twenty-Six High School Districts in East Central Illinois 




William M. Staerkel 
President 

(Parkland College, Champaign, Illinois) 
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A MESSAGE FROM THE PROJECT COORDINATOR 



SUGGESTION FOR FOLLOW-UP TECHNIQUES OF ETCVP DEVELOPMENTS 

* - . — " " t 

o * • \ 

The manner in which this project was conducted is unique. The involve- 
ment of university personnel with teachers of ' technical subjects in the two- 
year colleges Has provided a model for future work of this nature! Now that 
the project is completed, the problem still exists of disseminating the 
. information and having it used effectively :in the classroom on a nationwide 
basis* - j 

One of the first ways of achieving this would be to organize a series 
of state conferences of electronics instructors to discuss the content of 
this study. In some geographical areas it may be desirable to have several 
states go together for the conference. It is entirely feasible that the 
U.S. Office of Education or the National Science Foundation would be receptive 
& to the support of a structured' program of a series of conferences using the 

project staff, ^s resource personnel, to make presentations at the conferences. V; 
This could very well be organized- by' the Technical Education Research Center. 

Another source of funding could very easily come from the Educational 
Professions Development Act where subject matter teachers would be brought 
together in summer institutes and summer conferences devoted to the study 
of the content of the courses and instructional techniques as presented in 
this report. The vehicle for the implementation of this p^ase will vary from 
state to state. The enthusiasm of those participants in the Electronics 
Technology Conference that was held in February 1970 i conjunction with the 
ETCD project and the 'favorable acceptance of the result, of the study by the 
classroom teacher convinces the project staff of the need for this kind of 
work. 

The experiences gained in this study point to the need for the establish- 
ment of various learning resource centers that would continually develop new 
instructional material for the various technology programs being offered 
throughout the United States. There is a need fQr the writing of classroom 
textbooks, laboratory textbooks and various multimedia materials to be used . N " 
in the implementation of the recommendations of this report. In addition to 
this, the same kind of study needs to be conducted for other engineering- 
reflated technologies. 



In the organization of these centers, care must be taken to insure a 
continuing dynamic input to the activities of the center. The center must 
be so structured as to permit a constant flow of new people with new ideas. 
When a particular project is completed, the persons associated with the 
activity would go back to their respective teaching assignments. 

In the immediate future it is logical for the project staff to organize 
a national conference for the purpose of disseminating the information 
generated as a t result of the study. Perhaps from this conference a series 
of state conferences could be organized that would permit the classroom 
teachers to become more directly involved. 
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SUMMER INSTITUTE, VISITATIONS AND CONFERENCES 
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Thz ETCV pKojzcX urn conductzd by a even community collzgu 
in Illinois in coopoAation with tkz UnivzAbity oh llLLnoiA at 
Unbana- Champaign. VKoczduA&> wzaz incotiponatzd into thz pKojzct 
to ptiovidz maxJbnm bznzhits on a national 6calz nathzA than to 
thz pa/ttictpatlng collzgzs only. 

TMazz majb/i activitizs oh thz pkojzct weAe diAzctzd to tlxz 
bkoad gzogiaphical objzctivz and oaz ducnibzd in this Kppzndix A. 
Thz &iA6t Azction deACAibzb a SummeA In&iitutz conductzd &o>t 
twznty- ioivt zipznlznczd tzachzsd oh zlzctAonics hKom community 
collzgeA and tzchnical instUuteA . Thz Vnojzvt Stahh madz 
visitation*- at a numbzi oh collzgzA outsidz thz Statz oh JllitfoiA 
and also attzndzd ok pcvUtdpatzd in azvzaoI conhzAzncu KoXating 
to tzchnical zducation. Thzsz visitation* and conh&iznczA oaz 
idznti^izd in. thz ^zcond tzction. Thz thiAd Ltzm oh this appzndi* 
it> a Aummany oh an Elzc&ioni'cA Tzchnology ConhVizncz conductzd 
on bzhalh oh thz ETCV ptiojzct. Thz lcu>t&zction idzntihieA ^ e 
pa/ttidpantA at that conhzAznct; 
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ETCDP SUMMER INSTITUTE- 



The HTCD project provided support for 
twenty-four experienced instructors in Elec- 
tronics Technology Curricula from community 
colleges and technical institutes to participate 
in an eight-week Summer Institute conducted at 
the University of Illinois at Urbana-Champaign 
and at Parkland College. This. Summer Insti- 
tute constitutes the third phase (Phrase 111) 
of the project. ~~ 

A portion of the brochure that was used to 
announce that Summer Institute is reproduced 
as an Exhibit on page 351. A listing of the 
participants along with the colleges represent- 
ed is presented on this page. A group photo- 
graph of the participants and the Project Staff 
is presented on page 352. 

smmv Of. ACTIVITIES 

The participants registered in three dif-. 
ferent courses,, the contents of which are ident- 
ified in the third column of the Exhibit. The 
first six weeks of the Summer Institute werfc 
devoted to (.1) a study of subject-matter con- 
tent for the six-plus-one core courses; (2) 
a study of the philosophies of technical and 
vocational education in electronics; and (3) 
to a study of the techniques and procedures 
for computer-assisted instruction. During the - 
last two weeks of the Summer Institute, the 
participants presented written and oral reports 
. on the different inspects of the ETCD project. 

This report contains many of the sugges- 
tions and much of the\subject matter as develop- 
ed and presented by the\garticipants in support 
of the activities of the ET€Qj3roject. 

PARTICIPANTS 

Beers, Robert Benjamin 
Broome Technical Community College 
Bingh/imton, New York 

Birong, John Denhem 

Madison Area Technical College 
Madison, Wisconsin 



BishopT Lyre LaVerne "~ 
Bradley University 
Peoria, Illinois 

Brittan, John L. 
Lake Michigan College 
Benton Harbor, Michigan 

Broadwell, Charles McAlear 

Dabney S. Lancaster Community College 

Clifton Forge, Virginia 

Burkett, Harry 'L. 
DuBois Campus 
Penn State University 
DuBois, Pennsylvania 



Cady, Stuart Wayne 

New Hampshire Technical Institute 

Concord, New Hampshire 

Cavanaugh, Vincent E. 

Florissant Valley Community College 

Ferguson, Missouri 

Dehn, Kenneth Elmer 
Lakeshore Technical Institute 
Sheboygan, Wisconsin 

Dostal, Melvin Frank 

Marshal Itown Community- College 

Marshalltown, Iowa 

Gross, Thomas C. 

Hartford State Technical College 
Hartford, Connecticut. 

^iaywqod, Jerry Louis 
IITinois Valley Community College 
Oglesbv, 1 1 1 inois 

Horton, *Francis Standish 

Southeastern Iowa Area Community College 

Burlington, Iowa 

M • 
Kearney EdwaTd Patrick 
Waterbufy State Technical College^ 
Waterbury, Connecticut 

Kerr, James Goule 
Western Iowa Technical 
Sioux City, Iowa 

Long, John Edward * 
Columbia State Community College 
Columbia, Tennessee 

Maze, • Louis 

Triton College 

River Grove, Illinois 

Paine, RobertxLeland 
Bristol Community College 
Fall River, Maryland 

•Peder-sen, Joe Finrow ^ 
Skagit Valley College 
Mount Vernon, Washington 



-Ph^resi—John-V^ 

Kellog Community College 
Battle Creek, Michigan 

Rankin, Chester L. 

Kansas Technical Institute 

Salina, Kansas 

Russel 1 , Dean A. 

Washtenaw Community College 

Ypsillanti, Michigan 

Stateler, Victor Leo 
Kirkwood Community College 
Cedar Rapids, Iowa 

Walther, Hans William 

Hawkeye Institute of Technology 

Waterloo, Iowa 
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VISITATIONS AND CONFERENCES 



A number of community colleges, ^technical 
institutes and universities were visited by one 
or more members of the ETCD Project Staff within 
the period of the project (August, 1969 through 
February, 1971). Also one or more members of 
the Project Staff participated, by attendance 
or as speakers, at a number of conferences dur- 
ing this period. These vi&i£aticn& and contfe*- 
enceA (dates omitted) are identified^ on this 
page. 

VISITATIONS 

Kankakee Community College 
Kankakee 1 1 inoi s 

Lake Michigan^ Col lege 
Benton Harbor, Michigan 

Miami-Dade Junior College 

Miami, Florida 

» i 

Johnson County Community £ollege 
Shawnee-Mission, Kansas 

Washtenau Community College 
Ypsillanti, Michigan 

Macomb Community College 
Warren, Michigan 

Oakland Community College 
Warren, Michigan 



Hartforff Technical College 
Hartford, Connecticut 

Waterbury Technical College 
Waterbury, Connecticut • 

Norwalk Technical College 
"Norwalk, Connecticut 

Thames Valley State Technical College 
Norwich, Connecticut 

Wentworth Institute 
Bo's ton, Massachusetts 

Franklin Institute 
Boston, Massachusetts. 

Capitol Institute of Technology 
Washington, D.Q. 

Lenoir Community College 
Kingston, North Carolina 

Pitt Technical Institute 
Greenville, North Carolina 

Wayne Community College 
Goldsborro, North Carolina 

Fayetteville Technical Institute 
Fayettevi lie, North Carolina 



Sand Hills Community College 
Lone' Pines, North Carolina 

State Technical Institute 
Memphis , Tennessee 

Southern Minnesota State College 
Marshall, Minnesota 

Purdue University 
"Lafayette, Indiana 

Delta College 
1 Bay City, Michigan 

Oklahoma State University 
Stillwater, Oklahoma 

CONFERENCES * • 

^National Electronics Conference 
Chicago, Illinois 

''American Technical Education Association 
Region VI annual Conference 
Arlington Heights, Illinois 

American Technical Education Association Nation- 
al Conference 
Miami, Florida 

American Power Conference 

Chicago, Illinois 

Illinois Vocational Association Conference 

Chicago, Illinois 

ASEE Effective Teaching Institute 
Lafayette, .Indiana 

ASEE National Conference 
Columbus , Ohio 

ATEA-ASEE Regional Conference- _ 
Norwalk, Connecticut 

North Carolina Teachers 1 Workshop 
Lone Pines, North Carolina 

Tennessee Vocational Association Conference 
Memphis, Tennessee 

American Vocational Conference " ' ' f 
. New Orleans, Louisiana 

Electronics Technology Conference (see next 
section) 

Champaigri, 1 1 linois 
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"THE ELECTRONICS T E CH NOtO G Y-eONHEfE^ C E 



t ' ' * \ 

An- Electronics Technology Conference, con- 
ducted at the University of Illinois at Urbana- 
Champaign, February 25-27, 1970, was a signifi- 
cant activity of the ETCD Project. One of the 
attendees submitted an excellent summary of the 
Conference to the Project staff. The information 
submitted here may be of interest to the reader 
v of this" report-. \ ^ 



THE; NEWS RELEASE 

"A national threelday Electronics Technology 
Co nferenc e will be conducted February 25-27. at 
the University of Illinois. at Urbana-Champaign. N 
Seven minors junior colleges,, in' cooper ation^ 
with the university and supported* by the, National 
Science Foundation, are working together under a 
thirteen-month project to\ develop, classroom and^ 
laboratory techniques and \ instructional materials 
in 1 the basic circuits^ and electronics coUrses of 
two-year associate-degree programs in Electronics 
Technology." 



i 



'The Project staff and \ representatives of 
th|e seven participating colleges will report on 
the status of the project, fyiscussions, of tech r 
nicaland electronics education in the U.,S. and 
of interactions of industry and community col- 
leges* to develop cur ricul urns and identify job op- 
portunities for graduates will be* of direct in- 
terest to industry personnel, as well as to elec- 
tronics teachers, school administrators, and 
guidance counsellors. " '{ 



THE CONFERENCE PROGRAM 



Session I : - 

Topic: Technical and Electronics Education 
in the United States 

Presiding 



\ 0 

Professor Daniel S. Babb 
Dept. of Electrical Engineering 
University of Illinois 
Urbana, Illinois 

A, UndeAg/iaduatz 'Science Education in tht~U7~S. 
Dr. -Lyle Phillips, Division Director 
Undergraduate Education in Science 
National Scifence Foundation 

8. UnivzAAify I yjoivw&nt in Tzcknit&l Education 
Professor J^rry S. Dobrovolny, Head 
Department fyf General Engineering 
Universityfbf Illinois 
Obana, Illinois 

C. EtzcAA^UcJfTtcknoiogy (Jot Tyjo-Vexvi ColtzQeA 
Mr. Phillip Cutler,- Author' 
Owner of Education Research Associates 
Garden Gijove, California 



Session li t Dinner Meeting 

Topic: The Comprehensive, Community College 

Speaker: Dr. William M. Staerkel ' . 



\ 



President, Parkland .College 
Champaign,, Illinois 



Session III: 



urn 



culum 



Topic: Electronics Technology 

Presiding: Professor Daniel S. Babb • 

Director; Electronics Technology 
Curriculum Development Project 
University of .Illinois, 

, A. Roger A. Mus'sell, Associate Professor 
WUliam Rainey Harper. College . - 

-B. Joel D. Galloway, Associate Director 
Parkland College 

Electronics Technology Curriculum Develop- 
ment Project 1 j v 

C. Neal D. Voke, Chairman 
Department of Technology 
Triton College 

D. David A. Peterson, < Specialist in 
Engineering Technology 

Electronics- Technology Curriculum Develop- 
ment Project ~ 
University of Illinpis 

E. Eric* S. Ruby, Assistant Professor 

Sauk Valley College * - a 

K Robert T. Wilson, Coordinator of Electronics 
Illinois Central College 

G. Carroll Livesay, Electronics Instructor 
Lake Land College 

Session IV : ' 

Topic: Instructional Technology iij Electronics 
Programs 



Presiding: Randall L. Thompson 

Specialist in Engineering Technology 
Electronics X ec ^nology Curriculum - 
Development Project 
University of Illinois . 

A. Gilucrt Rainey, I Author . 

-Head, Electrical Engineering Technology 
Purdue University 
Lafayette, Indiana 

B. Glenn Valentine, Director of Design and Manu 
facturing, Learning Sciences, Inc. 
Stamford, Connecticut' 

C. flancy Kisser, Assistant to Director 
Computer-Based | Education Research Lab 
University of Illinois + 



t v - 



Session_V: Banquet 

Evolution of Engineering Technology 



Topic: 



Speaker: 



in 



Canada 

Herbert W. Jackson, Author 
Ontario Department of Education 
Toronto, Canada 



♦ Session iVI: 
Topic: 



Interactions of Industry and Community 
Colleges 

Presiding: Ray A. Engelland / ^ 

Chairman, Electronics Department 1 
Willmar Area Vocational-Technical 
Institute 
* I Willmar;, Minnesota 

A. Joseph AmmenJel'ia, Technical Superintendent j 
* Electronics Engineering Department 

University of California 
Lawrence Radiation Laboratory 
Liverijore,uCalifomia 

■ i. .. % ,i 

B. Lewis L. Knickerbocker, Sr. Personnel Assist.*; 
- College and Professional Employment , 

Detroit Edison Company.. 

Detroit, Michigan ■ * 

C. Edward F. Obrochta, Sales Engineer \ 
Carter Electronics, Inc. 1 
Chicago, , Illinois 

i 

Scssioa VII ; 

, Topic: Panel Reaction on Electronics Technology 

Presiding: David A. (Peterson 
Project Staff 

I 

(Panel members selected from conference partici- 
pants) • l 



C(?WF£R£WCE SUMMARY \ 

The following is a summary report of the 
Electronics Technology! Conference, submitted by 
Roy M. Sutcliffe. Instructor in Electronics, 
School of*Vo-Tech Education, Idaho State Uni- 
versity, i 



ace 



The Conference was part of a year-long Elec- 
tronics Technology Curriculum Development Project 

•sponsored by the National Science Foundation. The 
project is under the direction of Daniel S. Babb,„ 

'Professor of Mectrical fengineering, University 
of Illinois. Seven community junior colfeges of 
Illinois are directly involved in the proj-ectj 
each re^esented on a Stdering Committee. A 
project staff of four persons works essentially 
full time. 

. The Conference, with attendees^ from wide ge- 
ographical areas and varied technical backgrounds, 
was included in the project to provi<Je valuable 
guidance as well as to let the attendees know 
what the project was, about. Twenty-four experi- 
enced electronics ^instructors from throughout the 




compilation of 
fied speakers and 
ried to take down 
m as possible at 
as to present a 



the country wi-11 be seJLe*cted to/ atterd the 1970 
Summer Institute at the University of Illinois 
to proyide Reactions. A final /report will be 
"published and distributed about ^January, 1971. 

* V 

The following report 
statements made by the 
papers presented by th 
the statements a'Sv near 
the time they were spo 

fair picture of what the' speaker 'had to say, 
with as little editing on my part as was pos- 
sible. I have prefaced most with a brief state- 
ment about the speaker and the topic. 

The- Conference was conducted as indicated 
on the Conference Program; 'The opening session; 
Wednesday afternoon, included some general com- 
ments by Babb, Phillips, and Dobrovolny on tech- 
nical education, followed by a presentation by 
Cutler on what he thinks should t*e taught in a 
two-year elec. ronics technology program, tech- 
nology meaning between technical and engineer- 
ing in level. " i. 

At the Wednesday night dinner session, Dr. 
Staerkel gave an informative talk on the roles ; 
of the community junior college; 

.. / 

The Thursday morning session was utilized 
by the staff and steering committee members ot 
the Curriculum Development Project to present 
their own thoughts. 

The ThUrsday afternoon ^session was essential- 
ly devoted to utilization of visual aids as a 
method of teaching. j 

: ■ 1 
Mr. Jackson of Ontario, Canada, gave a thor- 
ough and enlightening presentation on the evolu- N : 
tion of engineering technology in Canada at the 
banquefon Thursday evening. j 

1 ! 

. Representatives of industries employing techy 
nicians gave presentations ,at the Friday morning ; 
session in terms of wh3t each wanted their tech- ( 
nicians to know and do. j 

The concluding\ess i ion Friday afternoon used' 
a-paneTof participant^ selected from the at- 
tendees to respond and give reactions as each . \ 
member saw fit. 

j 

Attendance K 

* * 

More than 200 attendees registered for the 
Conference the opening day. Representatives 
from at> least 33 states and Canada attended the 
banquet Thursday evening, February 26. 

\ 

' m additibn to instructors of electronics , 
vocations, of the a^tendee^ varied from manage- 
ment ^in^ industry , Technical Superintendent of 
Lawrence Radiation Laboratory, members pf State 
Departments of Education, local school admini- 
strators, authors, engineering faculty, etc. 
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The speakers w\*rc of equally varied back- 
' grounds, representing the wide spectrum of elec- 
tronics technician training and employment in 

this country. 

• * * 

The instructors present, many of whom were * 
former participants of the NSF- sponsored Summer 
and Academic Year Institutes, were engaged in 
.the training of technicians, at a /Variety of lev- 
els including Area Vo-Tech Schools, Community Jr. 
Colleges, Technical Institutes,; and Universities. 
Programs varied in length /from two ,tb four years. 
Nearly all were Associate Degree programs; some 
were four-year degree granting programs. 

The interest of the majority of participants ■ 
■ was in the engineering technician. ' 

Tfte Moo AppKoadi to Thzoiy Cootica , " 

Hie Curriculum Development Project and this 
Conference are devoted to the electronics, theory 
aspect of the total program. It is based on a 
two-year Associate Degree program in Electronics • 
Engineering Technology, a level between technical 
and engineering, with! approximate time allotments 
for the total program as follows: 25% each, 
Theory; Math and Sciences; lab; and Non- technical. 

The main concern is what, when, how, and how 
much to te.ach of electronics in terms' df an ever- 
expanding technology, while being limited always 
by .the traditional two-year tirae tf element imposed 
by state laws. * 1 

* 

The math-theory relationship is always the 
greatest concern in any program. This is the 
problem the, project is attempting to cope with 
and, hopefully, will arrive at some solutions 
and suggestions for themselves," the state of Il- 
linois, and the nation as a whole. 

There seems to be too much to do in the time 
allotted* for the traditional serial-sequential 
approach to scheduled courses, the projdet members 
feel, and, a more nearly parallel-integrated ap- v 
proacli4i| needed. This will necessitate^ the stu-o 
dent taking. some mathematical and theoretical con- 
cepts for granted at first, with proofs to. come 
later. * « 



While many of us may not~be interested in 
the level of this program, there are definite ly * 
implications*^ to what, when, and'how electronics 
circuit analysis and synthesis courses are *tdught* 
that we all should be cognizant of in our own 
teaching. . < 

Impromptu Stetidti {With Van Babb, Vavd PeXvuon, 
Stuakt Cadtj, Pliit CuUw and M^s. CutlcA) 

— Discussion on what and how to teac^i the engi- 
neering technician. Questions mostly directed 
to Cutler. * - 

—Should the engineering technician use "Ballpark" 
design or "Cut U Try" method? 



— The technician must be able to predict output 
when given certain parameters and "wors£ cases. 11 

— Let the student vary parameters, but /ic thowtd 
knoio ic/ucii icay to go to goX deA<ACd /leau&ti and 

. make the circuit work as desired. - . 

—Some time in lab should be Cor txpVibnoi&Lng , 
not all canned jobs.^. Some students need to look 
at different things. Even (especially! I ) if it 
smokes, learning takes place. 

— Babb: It boils down to — do we "^analyze or 
synthesize?" • ! 

- 0/dlcemc [by Project VO ifictoK) f * 0 

Daniel S. Babp^ age 65, Trofessor of Elec-. 
trical Engineering at the University 6f IMinois,, 
is currently devoting 75^ of his time to . that po- 
sition* and 2S% of "his time as Director of the 
Curriculum Development Project* His main inter- 
est in electronic^ is in pulse and digital cir- 
cuit analysis and synthesis. 

As a teacher in the Summer Institutes' for 
teachers of .electronics, sponsored by the Nation- 1 
al Science Foundation at the University of 
Illinois since ilts inception in 1961, he has been 
very much interested in the approach taken- by ■ 4 
teachers at junior colleges or technical lnsti-** 
tutcs to circuit 'analysis. He %s a'chainpion of 
the "any waveform" approach, as opposed to ^he 
■traditional sine 1 wave analyses. He believep 
sine waves, should be treated towards 'the end b£ 
the* course as a special" topi£, rather *than*a 
foundation which becomes very wobbly wjicn used 
in pulse and digital systems.* Thus, his. direct 4 
involvement as Director. of the Curri'culuV'De- ' 
vclopmcnt Project; 

He is most respected - *by those, wljo h^ave had 
the privilege of studying under him. tone teacher, 
Harry Partin of Mississippi,' one of *the panel 
members of the concluding sesSidh, says his siu- . 
dents always ask^ "What does* Professor, Babb have 
to say about that?" ' ' r **>» V 

r 9 < * . * 

Dan Babb was given a standing ovation at 
the conclusion of the" Conference* 

■ ■ _ ■ . C 

--This conference is directly concerneJ with NSF- 
s*upported Curriculum Development Project. 



— It is a short £onfeVcncc--not all we get here 
will be from apceciiea,' Qui b<Un$ ke/w 4>ay6 
6 ome tiling. v ' . 

Addti<u>6 by lytz P)iittip* ' 

Dr. Phillips, Division Director of Under- 
graduate Education in Science, National Science 
Foundation, gave a short discussion -of the Na- 
tional Science foundation involvement* in edu- 
cation. * 



— Some 2400 institutions are now offering train- 
ing in this country. Diversity! ^ 
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— Junior college is the fastest growing in num- 
bers and importance* 500 now— 500 more on. draw- 
ing boards for next ten. years (one/week); 

— Tljere is no average, college in U. S. d 

— Teaching and research — more or less of each! 

Can one be a respectable teacher without being 

deeply involved in research? False* 

: i * 

-2NSF has invested $400 million upgrading and 

"patching up" poorly trained teachers in last 

ten years. " \ 

— Computers will become more important in science 
education. 

—Much less rigid curricula and courses. 

--More responsibility or student to learn on own. 

— Some Ph.D. f s will come without "original" re- 
search, but rather in areas of his own choosing. 

—The original thinking was that NSF should stay 
away; from Vo-Tech Education. Originally, train r 
ing had to be in basic science, not technical 
subjects — it-, is now breaking. 

— University of Illinois was the first school 
to get aid for technical training (i961). j 

AddxeA* by J&iny VobkovoZny 

(Note: The complete address is in Chapter 1 of 
tHis report.) 

Jerry Dobrovolny is a Professor of General 
Engineering at the University of Illinois, who 
became very interested in technical education at 
a time when there was a growing need and demand 
for such, especially in Illinois, Through his 
efforts, the University of Illinois obtained the 
first National Science Foundation grant awarded 
in this country for the training of electrorics 
teachers who were faculty members of junior col- 
leges or technical institutes. It has been con- 
tinued yearly since then, in addition to five 
Academic Year Institutes. 

—1952:- 4 His first interest of semi-professional 
education. *' - 

— 1958: Need for technical teachers. Everyone * 
wants them to have a Master's Degree in Engineer- 
ing and/or Education, ten years 1 experience, and 
not over 35 years old. A bit hard~to-eome by! 

— 1961: First N'SF Institute at University of 
Illinois, and it still continues. We have had 
,five Academic Year Institutes, also. Approxi- 
mately 400 individual participants representing 
every state in nation* 

--University of Illinois now has a four- year 
course'for teachers of technical education. 



\ 

— Ther^ is need to train engineers with Master's 
Degree, 5-10 years' experience, with pli/£o6opiiic 
preparation to teach. J 

- t *Real need to provide support for Associate De- 
gree people with five years' experience to teach. 

I 

— Curriculum research: (Have been working on) 
a calpulus-based program* 

--Thefre are articulation problems* [ 

\ 

— Contribution to literature (texts, advanced 
technical articles, etc*); put your thoughts in 
writing for critical examination by peers. 

— hhat background to teach technical 'education? 
pedagogic techniques: 

1. Capable iiv subject matter. 

2. Individual experience. 

3. How to 1^ach. 

— What do those with Associate Degrees need to- 
, go on? What do they want to to do? Become 
engineer, or get BS Degree. 

— 80% of all students do not get degrees; yet 
$Q% of all education is geared towards getting 
a degree! 

— Four-year Technology Degre6--what good? Pre- 
pares for manufacturing processes,. 

Add%M>6 by PluZLip C&tlVi - 

Mr. Cutler, though only one of the speakers 
at the Conference, generated much enthusiasm and 
interest and came close to monopolizing discus- 
sions, both formal and informal ones. He is a 
former teacher, as well as employee in electron- 
ics research; now almost totally engaged in his 
company, Education Research Associates, makers _ 
of educational audio- visual aids. He is recog- 
nized as an authority in circuit analysis because 
of the widely used, high-level, circuit analysis 
books he has authored* His wife, who accompanied 
him, though not so qualified in electronics is no 
less enthusiastic and knowledgeable of education 
in general* The two of them form a unique pair* 

^-Know what to feach: A slide and tapp presenta- 
tion was given regarding circuit analysis* (Note 
This slide-tape presentation 'is available from 
ERA, 13181 Balboa Avenue No. 1, Garden Grove, 
• California 92640r-) — * : 

--The Electronics Engineering Technician: Under- 
stands tkzoKij oehind function he perfoims at * 
work. Meat or mashed potatoes? At either end 
or both ends of his training? There should be 
no mashec! potatoes. Math and lab should sup- 
port the theory. .Lab should challenge him to 
pmdict outcome, then vdlifrj it. 

— Happiness in electronics is understanding 
and using Therenin's theorem! ' • 
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another. 



— JWdLOti is an | unfortunate name; CornnmUXy is \ 
better. The functions of^a Community College: 1 

1. Vo-Tech Education. 

2. Transfer education (to four-year in- 
stitutjion./ 

3. Gene rad education. 

4. ' Contiriuing (adult) education. 

5. Provide /community services as needed. 
6 k Counse'ig and guidance. 

f — The Community College stresses teaching and 
individual student attention, as opposed to re- 
search. If -you want_io—do research, don*t come 
to my college 1 , v 

— The Community College needs a strong counsel- 
ing and guidance section. 



— The Community jCo liege is financially supported 
by the community, so there are very close ties* 

Rzpovt [VanidL habb) 
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— This project fciid not start cold; it^has devel- 
oped through the efforts- of ten NSF Summer In- 
stitutes. f i 

. I 

— Algebra and some trig needed early. <t 

— For|resistiye circuits: algebra and trig. 

—Single time, constants circuity: Engineers use 
first brder (differential equations; technicians 
iiqa Qtkp' functions • Therefore, there are always 



use st 
exponential solutions 



^-Get started early I Then off to a start that 



Studenl: 



— Seveiji schools involved in this project. In- 
structors, not jjist a committee. All in Illi- 
nois, within' driving distance*. 



— Hope 
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Use LaPlace Transforms. 



can build on. 



this will 
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apply to all states. 



— Level of performance expected of two-year math 
scienu -based programs training Electronic Engi- 
neering Technicians. 

\ 1 

- Cut l(jr~.sh owed what to teach yesterday. 



Dr. Staierkel, President of Parkland College, 
Champaign, Illinois, was a featured speaker* 

—There are some 1000 Community Coliegbs now; 
there are 500| on drawing boards for the\ next 
decade (one/week)! ; 

1 " ,. 

— A junior college means different things to 
different people: below college level to one 1 , 
person; vocational to another; technical to \ 
another; two-years instead of four-years to 



— What does the technician do i\n the industrial 
team? ! 



1. 



2. 



3. 



The industrial proposal\ (government 
wants a missile) I \ — 



5. 



Now industry gives estimates on cost, 
general system, Subsystems. 
Then a very general block \diagram (no 
specifics). No decision here as to 
analog or digital computers etc. 
Now senior enginber with experience 
decides what canj and cannot be done. 
The analog computer is decided on. 
Now refine ,and rjevise system \in terms 
of costs and bldck diagrams. \ 
Then reduce blocks to schematics and 
finally to hardware. * \ <> 

Get tepm together as bSst you can to 
do job: I Y 

The engineering 1 technologist begins 
to come into picture by coming up 
with schematics' und values within\ a 
block, and may ;be in charge of build- 
ing and testing it, and passes jucig 
ments as to meeting specs. 
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A Problem! 

" ' ' ' \ * 

--Definition of Engineering Technician; 1 
McGraw's ECPD definition is more accepted now, 
but will be, revised soon: "A person who has \ 
i obtained specialized training (post-high \ 
school) to qualify him to apply for position I 
in engineering not research-oriented." \ 

* \ 

Report INdal Vote }— What u> t\\t RoU o£ 5£ec- \ 
t/ionic Eng<LnzvU,ng TzduUcian? I 

— The Electronic Engineering Technician (EET) 
should be- y able to use, choose, and understand 
volt-time and voltage-voltage scopes. 

— He should use independent thinking and judg- 
ment. * 

— He should study math, algebra, trig, analyt. 
geom., calculus, differential equations, La- 
Place 'trans . , and other selected math topics. 

— Is calculus necessary on job? No, not on 
job, but concepts are important. Implicitly, 
perhaps, > 

— EET should be able to take specs of a block 
diagram and determine components. Example: 
Design and build a pVeamp which is connected - 
to an input 300 fl mike with input 50 DB below 
1 MW, and which provides a 2-volt, 2k-ohm out- 
put. *" 

Report [RobeAt T. Wilton) 

(Note: See Chapter 3, page 69, for complete 
report.) * 

— Introduction to Electronics Technology—what 
is it? The "Big Picture of Electronics": 

— circuits to systems; 
— systems to circuits approach! 
--Student interest; he can relate 
circuit back to system^^r-j 
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—A system where input-output functions are usu- 
ally not electrical. 

— Introductory Course--40, 50, 60 clock hours: 
4 hours lab, 1 hour lecture; 3 hours lab, 1 hour 
lecture. 

—A hands-on, lab-oriented course. 

--Hardware use' depends on instructor and what is 
available. 

--Spin-bff in areas of specialization. 

; — Instructor must consider it mott impu^tant 
course, be enthusiastic, so students get and stay 
excited about electronics. 

Repo-tt (Joel GaZiomcuj) 

Mr. Galloway is Associate Director of the 
Project. 

— Two-year math/science Associate Degree t program. 
Curriculum must become parallel- integrated, rath- 
er than serial-sequential ly oriented courses. 

t 

Math In. . Introductory Electronics 

Math il^AResistive Circui ts-^j-Resis t . Electronics 
Math II I^tS ingle Time Constant?— fPulse Circuits 

^Networks * ^Advanced Systems 

--Students often "awed" by instrumentation and 
math; an introductory course can overcome this. 

--With Algebra and Trig move into resistive cir- 
cuits. 

--Move ou.ic.kitj into circuit aaal>sis (resistive). 

--Use STC (Single .ime Constant) circuits to pre- 
dict output from given input functions. 

Rcpoit Waved P&tmvnlr 

--curriculum and Materials Development. How.? 

. --Learning Center? Ideal: Lab and theory tc— 
gctktA. Lab and theory and math complement each 
other. 

--How to structure lab: teacher- control led, 
studen t- teacher , and student-controlled. S?ucf?»it 
o nttilds Svmc fatdom to-.vciiy (Usenet paxanw t<," i at 
liu> option. 

<? 

— Lay foundation firsts Use creative investiga- 
tion. 

i 

--SUulent-controUed environment : 
i . Observat ion . 

2. Interpretation. 

3. Measurement. 

4. Calculation. 

--Use controlled sequencing to lead student 
through design problem. " 0 



Kepc-tt [Raj ct ,\!ua«set£) 

--Students need five pieces of equipment in lab:, 

1. Dual trace time base oscilloscope. * 

2. Function generator. 

3. VOM or DVM. 

• j 4.^Tv>o or more low- 

5. ^voltage power supplies. 

--Presented slide-show on schools participating 
in project. They are modern, have good equip- 
ment, and benches. Lab-classroom combination 
is prevalent. 

Report [CcwvoZt! L+vteay) 

— What kind of ^technician shouJd we train? 

--We need multi-level programs. . We mudt pro- 
vide training to match students to jobs. 

— The program should range from math-science , 
engineering technology based program to vo- 
cational . 

Rcyi'tt (Rauviftct' Tn(jwyi>cn} --lm> tiuctiunciL Tec/i- 
noCogy Atptctb o£ P-xcj^ct 

--Use of close-up slides for teaching: B 
* 1 . Reading on VOM. 

2.* Operation of Lquipment-VOM, Scope, 
Cur'.c Tracer. Kith tape; ? talk him 
clirough it. 

--Use .desk calculator and/or computers to 
sa-ve time in student calculations. 

--Pictures of Industry-- Mia t Do le clinicians Qv'i 
Lxamplcs of the following were shown: 

1. Super 8 

2 . 1 6mm 

3. Video Tape 

4 . ^35 mm 

(All were amateur.- Lighting and sound was poor 
on most. But pictuxti tvJUL ifcrKCi.) (Note-: • 
See Page 217 for a report on an experiment in 
bringing industry into the classroom.) 

--Written instruction will remain most important, 
but other tools should be utilized in education. 

AddAQAA by Kancy tose/i 

--University af Illinois has twenty terminals in 
a room tied to computer. 

a 

--TV display; slides. 

--One terminal in grade school. > 

--(.ailed PLA'IO System. 

--Computer keeps records on all students (not 
necessary to wait for exams). 

-.-Students are more willing, to communicate with 
computer (a*k questions) than vvith a teacher! 
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— Learning in one-half to one-third regular time 
arid retaining longer has been documented. 

— Operation of the system doesn't require prior 
knowledge. of computer programming. 

— A roadblock: Cost! This is the first phase. 
Second phase: Bring cost down to comparative 
level of conventional educational methods. Cost 
today: 27$ per student per contact hour. 

— Terminals are main cost, input-output, CRT, 
etc. 

Adcfoe&a bij GiZbWt RaLnztj —TaZk on LtaAnUi- 
•QontAoVitd Labonatotiy 

(Note: See Page 237 for complete presentation.) 

— The Poor Man's Approach — Auto- tutorial Method. 

— Equipment require^: $17 Cassette recorder, 
75 tapes and slides sets. Received no grant, he 
did at home at night. : - 

— Question not what to teach, but kou) muck? 

— New methods of teaching: audio visual. 
Auto-tutorial equipment is Atudznt operated: 

1. Student picks up supplies, audio tape, 
slides, at store room. 

2. Students were first required to work in 
, pairs, now prefer to work alone. 

3. Screen is piece of plywood nailed to 
bench. 

4. There is much interest and motivation 
of students now. 

5. More time for teacher- student relation- 
ship. 

6. Record card on each student, make sure 
of contact. 

* 7. Have informal meetings with small 
group (5-6 students). 

— Teacher's aids can be utilized for this ap- 
proach. 

— This method does not necessarily make it <MU>iVi 
for teachers. The teacher is a resource center 
for individual students. 

Add/ieA6 by Giann VaZtntLnt 

Mr. Valentine is Director of Design and Man- 
ufacturing fey Learning Sciences, Inc., Stamford, 
Connecticut. 0 

--Putting a program together; a philosophic 
value judgment. 

— Programmed Learning: Most teachers don't like' 
because they don' % want students to learn some r 
thing while they are talking. 

—The learner is the key person; the teacher is 
a manager. 

» 
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— If responses are not correct > modify .the pro- 
gram. Don't fail the student. 

AddK<u>6 by HeAbcAt hi. JadiAon ( Featured Speaker) 

. — Canada is presently doiun on vocational edu- 
cation. Canada is going into upgraded vo-tech 
education in elementary and secondary school^. 

— Students will take the subjects thty want to. 

— There is a real counseling problem in colleges 
and technical institutes. 

— Canada is concerned with federal "megabucfe-6" 
%also. b . 

— Instructors in technology are not required to 
take education courses.. They will be accredit- 
ed. They will, perhaps, be lacking in teaching 
methods, but students will tolerate some of this 
if they can be respected in their technical com- 
petence. In-service training will be provided. 

— Students will not put up with traditional 
teaching methods in post-high school if he is 
to be treated as an individual in lower grades. 

^-There is often more teaching and educational 
psychology put into a 60-second TV beer com- 
mercial than some teachers put into a whole 
year's program. Kids watch these on the TV 
"boob-tube" daily and expect at least as much 
from us as teachers. 

RtponZ- [Ray Engzltcuid) 

— An expert: A person 50 miles away from home. 
A specialist: A person 500 miles from home. 

— We in education are turning out a product; 
industry sets the specifications. 

— The courses must constitute a total program. 

— Electronics technicians graduates going to 
work should know what electronics technology 
is. 

— The school should provide ,the technician 
with a good base, regardless of whether tubes 
or transistors or integrated circuits are ever 
omitted. 

Add/WAA by Joseph krmandotia 

— Lawrence Radiation Laboratory is mobt 5 happy 
with graduates from good tech lical programs. 
They have hired 50-60 graduates over the years. 

— If schools don't turn out product, we don't 
buy. 

< 

— Advisory boards can be useful tool*. 



— California lias much cooperation between schools 
and industry as to' advice', equipment, etc. 

"Schools should 'ait; industry hill help, often do- 

- mating equipment. 

--He hires two junior college teachers for summer 
and lets work in their interest. Not interested 
in production, but take contributions back to 
school. 

— In reciiitmg, student should be ready to sell 
themselves in 15-20 minutes. Appttca>it5 t'acij 
don't ntid; tattnt tixztj do, 

— Technicians are not doing today what engineers 
did tan ytatt ago— tcduu.ouuii osii doing today 
rtkat zngimznA aw doing today. 

* — The technician is brought into designing when 
he can take on the responsibility himself at 
$1400/month. Title: Engineering, Specialist, 

— Cyclatron: sometimes pulses deviate 1 pulse/ 
nr. Physicists want to know why. Engineering 
technician has to come up with answer. 

— P.C. design is a big need now. Paying -$1000/ 
month. 

— In atomic tests, whatever electronics are given 
to physicists, it *.s not enough, tabling now 
costs $1+ mi 1 lion/shot . They are now tning to 
come up with multiplexing system so as to reduce 
cabling. > 

— His slide show included: 

1. Animals and organ testing for radiation 
analysed by computers. 

2. Mass spectrometer. 

3. Electron activation analysis. 
•4. Gas chronometer. 

-■Two-year electronics technicians are designing 
interfacing for this equipment. 

AJctic56 by L^uo Knicks: t ibod:c l i 

Mr. Knickerbocker is Senior Personnel As- 
sistant for Detroit Edison Company. 

--They did tram their own technicians until 
1964. , 

--Study then made to decide wnat engineering tech- 
nician should be and how many; establish salaries, 
grades. Estimate 20- 24 in 1964; now looking for 
60. . 

--Used slide» talks on recruitments. . 

— Invite freshmen to the show, also. Very im- 
portant to provide motivation to stay in swiiool. 
(Same for faculty members.) 

--He suggests technical school ^ could u^e slides 
more in communicating with high schools. 



— lie is for co-op ind summer programs. 

— They run faculty conferences [host facult) 
at Detroit) and tour facilities. Have former 
graduates give feedback as to how doing and 
uhat is lacking. Can be brutally frank some- 
times! 

Addite* by Edivaxd F. Qb ioclit a 
1 * 

-- Sell , that's what we're all here for regard- 
less of occupation--in4ustr> , sales, schools: 

_S E t L I 

Sample Example Logic Live 

Cioi tug Po&n $ 1 



Between 9 PM and midnight 
When t my stomach was beginning to sour, 
Came a pause in the Conference Program 
That was known as the "Happy Hour." 

From Canada* down to Iexas 
We folk in the teaching game 
All brag about the job we do, 
But our problems are all the same. 

I.tke educators everywhere 
We lecture, rant and preach , 
But let's go back to the classroom 
And try to madly teach. 

Harry Parti n 

Hinds Junior College 

Raymond, Mississippi. 
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PARTICIPANTS AT ELECTRONICS TECHNOLOGY CONFERENCE 



Allen, Wesley 0. North Dakota State School 
of Science, 
Wahpeton, North Dakota 

Anunendolia, Joseph Lawrence Radiation Laboratory 
Livermore, Calif. 

Ashton, David L. The O'Meara Company 
Milwaukee, Wisconsin 

Babb, Daniel S. University of Illinois 

Champaign-Urbana, Illinois 

Bailey, Albert University of Illinois 
Urbana, Illinois 

Baker, John B. Jefferson College 
Hillsboro, Missouri 

Baker, Lynn.' McGraw-Hill BooK Co. 

Webster Groves, Missouri 

Bartz, Walter J. State'Board of Vocational * 
Education 
Springfield, Illinois 

Bastin, E. J. Northern *Col lege of Applied Arts 
6 Technology 
South Porcupine, Ontario 

Baker, Al W. Belleville Area College 
Belleville, Illinois _ 

Berry, Richard. Penta Technical College 
Perrysburg, Ohio 

Beers, Robert B. Broome Technical Community 
College 

Binghamton, New York 

Berg, Julian. North Dakota State School 

of Science k 
Wahpeton, North Dakota 

Birong, John. Madison Area Technical College 
Madison, Wisconsin 



Del Giorno, Arthur E. New York City Community 

College 

Brooklyn , New York 

Dennler, Robert G. John Wiley 5 Sons/ Inc. 

New Yor^, New York 

DeVries, David. Parkland College 

Champaign , 1 1 linois 

Dobrovolny, Jerry S. University of Illinois 
Urbana, Illinois 

Dragan, Richard C. Lorain County Community 
College 
Elyria, Ohio 

Dunn, Arthur. Lenoir Community College 
Kenston, North Carolina 

Engelland, Raymond. Willmar Area Vocational - 
Technical Institute 
Willmar, Minnesota 

Evers, Stanley R. Kirtland Community College 
Roscommon, Michigan 

Everson, Scott. North Central Technical 
Institute 
Wausau, Wisconsin 

Fabac, John N. Chanuce Air Force Base 
Rantoul, Illinois 

Fitzgibbon, Edwin G. Illinois State Board of 
Vocational Education 
Springfield, Illinois 

Foster, Richard B.c Grand Rapids Junior College 
Grand Rapids, Michigan 

Fraser, Gary T. Agricultural and Technical 
College 
Alfred, New York 
Fraser, Russell E. John Wiley S Sons 
New York, New York 



Bishop, Lyle L. Bradley University 
Peoria, Illinois 



Frey, Richard J. Kankakee Community College 
Kankakee , 111 inois 



Blasch, Larry W. I.B.M. Corp." 

Springfield, II linois 

Bohichik, George Sinclair Community College 
Dayton, Ohio 

Brazee, James G. Dutchoss Community College 
Poughkeepsie, New York 

Brittan/ John. Lake Michigan College 
St. Joseph, Michigan 



Frost, John S. Chaff ey College 

Ontario, California 

Fulton, Robeit B. State Technical Institute 
of Memphis 
Memphis, Tennessee 



oway, Joel D. 



Parkland Col lege 
Champaign, 1 1 linois 
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Gaonkar, Ramesh. Onondaga Commumtv College 
Syracuse, New York 

Geggis, David P. Addi son-Wesley Publishing Co. 
Reading, Mass. 



Geiger, Darrell. 



Cleveland Institute of Elect. 
Cleveland, Ohio 



Gladden, Gerald W. Illinois Board of Vocational 
Education 
Springfield, II linois 

Goldberg, Joel. MaComb County Community College 
Warren, Michigan 

Graves, William. Augusta Technical School 
Augusta, Georgia 

Griggs, Joe E. Wabash Valley College 
Mt. Carmel, Illinois 

Gross, Thomas C. Hartford State Technical 
College 
Hartford, Conn. 

Grossman, Thomas. Niles Township High School - 
East 

Skokie, 1 1 linois 

Haas, Wafcren F. Indiana Vocational Tech. College 
Indianapolis, Indiana 

Hager, Larry S. International Textbook Co. 

Scranton, Pennsylvania 



Hal lenbeck, Wendel 1 . 



Schenectady Community 
Col lege 
Schenectady, New York 



Hamm, F,. C. Northern Illinois University 
DeKalb, Illinois 

Haywood, Jerry. Illinois Valley Community 
Col lege 
Spring Valley, Illinois 

Hedrick, Everett W. Parkland College 

Champaign , 1 1 i inois 

Helm, M. Stanley. University of Illinois 
Urbana, Illinois 



Herman, Edward F. 



Corning Community College 
Corning, New York ' 



Ho! combe, Michael L. Delta College 

University Center, Mich. 

c 

Hicken, James. Southwest Minnesota State 
College 

t Marshall, Minnesota * 

V 6 

Hoffer, Larry. Freeport, Illinois 

Highland Community College 

Hollitz, R. \ Cleveland Institute of Llect. 
Cleveland, Ohio 



Holman, Richard W. Missouri Western College 
St. Joseph, Missouri 

Holmes, Richard G. Oakland Community College 
Walled Lake,\^lichi"gan 

Howard, Maurice F. Ferris State College 
Big Rapids, Michigan 

Inch, Eric C. Algonquin College s 
'Ottawa, Ontario \ 

Ingram, Fred J. Tennessee State Department 

of Education N 
Nashville, Tennessee 

Jackson, Herbert W. Ontario Department of 
Education 
Toronto, Canada 



Jackson, Lee- 



Union Carbide 
knoxville, Tennessee 



Jauch, K.E. Harper College 

Arlington Heights, Illinois 

Jamjoom, Samir. Arizona State University 
Tempe, Arizona 0 

Kerr, James G. Western IowavTech. 

Sioux City, fowa 



Kidd, Jerrett W. 



Kentworth Institute 
Boston , Mass . 



Klotz, Ralph W. John T>ler Community College 
Chester, Virginia 

Knickerbocker, L.L, The Detroit Ldison Co. 

Detroit, Michigan 

Kuri^za. 0. M. Col le^e* of DuPage / 
Glen Lllyfi. Illinois 

Krumwiede, Lrwin. Melvm-Sibley High School 
Melvin, Illinois 

Laursen, Robert A. Sajuk Valley College 
Rock Falls, Illinois 



Lehmann, Robert A. 



Southwest Minnesota 
State College 
Marshall, Minnesota 



Lester, John M. . Stare University of 

New York at Farmingdale 
Garden City, New York 

LLttlewopd, William C. Waukesha County 

Technical Institute 
Uaukesha, Wisconsin 

Livesay, Carroll.^ Lake Land College 
Mattoon , 1 1 1 inois 

Long, John L. Columbia State Community Col lee 
Col lege 
Columbia, Tennessee 
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McNIgKt, James E. Pennsylvania State University 
DuBois, Pennsylvania 

Mahdaly, Hashim. Arizona State University 
Tempe, Arizona • 

Malmstadt, H.V. University of Illinois 
Urbana, Illinois 



Obrochta, Edward F. Carter Electronics, Inc. 

Chicago, Illinois 

O'Bryant, D.C. University of Illinois 
Urbana, Illinois 

O'Hair, Michael T. Purdue. University 
Griffich, Indiana 



Marotz, William H. Southwest Virginia 
Community College 
Richlands, Virginia 

Martin, W. 0. University of Illinois 
Urbana, Illinois 

Matthews, Andrew. Texas Southern University 
Huston, Texas 

Matz, Clifton. Parkland College 

Champaign, Illinois 

Metzger, Daniel L. Monroe County Community 
Colleg(> 
• - Toledo, Ohio 

Miller, Bruce. Flint Community College 
Flint, Michigan 

Miller, Merl. Prentice Hall Company 
Park Forest, Illinois 

Miller, T. R. Automatic Electric Laboratories 
Northlake, Illinois 

Miller, Wendell E. University of Illinois , 
Urbana, Illinois 

Mills, Gilbert: Phoenix College 
Phoenix, Arizona 

Montoya, James. Parkland College 
\ Champaign, Illinois 

Murray, Robert E. Meramec Community College 
St . Louis , Missouri 

Mussel 1 , N Roger A. Harper College 

Palatine, Illinois 

Naber, Robert M. Lake Shore Technical Institute 
o Sheboygan, Wisconsin 
t 

Neal, James P. University of Illinois 
. Urbana, Illinois 

Nelms, Henry Alan. Mississippi Delta Junior 
College 

Indianola, Mississippi 

Newell, D.K Northern Illinois University 
DeKalb, Illinois 

Hentoft-Nilsen, Robert M. State University of 

New York 
Delhi , New York 



Ortley, Don. Stout State University 
Menomonie, Wisconsin 

c 

Orton, William T. Lincoln Technical Collage 
Syracuse, Nebraska 

Papp, Al. Sinclair Community College 
Dayton, Ohio 

Parker, Bobby D. Oklahoma City, Oklahoma 
Langston University 

Partin, Harry J. Hinds Junior College 
Raymond, Mississippi 

Pedersen, C. Robert. Hawkeye Institute of 
Technology 
Waterloo, Iowa 

Peterson, David. Parkland College 

Champaign , 111 inois 

Phillips, Lyle.* National Science Foundation 
Washington, D.C. 

Place, leonard. Fox Valley Tecanical Institute 
Oshkosh, Wisconsin 

Plotkin, Maurice. State*University of 

• New York at Farmingdale 
Garden City, N&w York 

Pluhar, Joseph. State Technical .Institute 

Memphis, Tennessee ' ^ 

Pohmurski , Joseph C. Columbian County Branch 
" Kent STate University 
Salem, Ohio 

Powell, Roy. Miami-Dade Junior College- 
Miami, Florida 

.'cers W. Ronald, Broome Technical 

Community College 
Binghamton, New York 

Preston, Charles. University of Illinois 
Urbana, Illinois 

Punkay, William. Harper College 

Palatine, Illinois 

Rankin, Chester L. Kansas Technical Institute 
J Ssrlina, Kansas 
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Reardon, N. L. Automatic Electric Laboratories 
Northlake, Illinois 

Rainey, Gilbert. Purdue University 
Lafayette, Indiana 

Reiser, Matt H. Cleveland State Community 
CoHege 
Cleveland, -Tennessee 

Richter, Herbert W. Kalamazoo Community College 
Kalamazoo, Michigan 

Risser, Nancy. University of Illinois 
Urbana, Illinois 

Robohm, Dale L v The National Cash Register Co. 
Dayton, Ohio 



Ruby, Eric. Sauk Vall ey College _ 
Dixon, Ili^nois 

Ruehl, Philip W. # Stout State University 

Mehomoriie, Wisconsin - 
\ ^ ' 

Rushing, Edwin Karl. Mississippi Delta Junior 
College 

,-4-ndianala, Mississippi 



lar 



Russ, Daniel. Southeast Junior College 
_Chipago, Illinois 



Russelj/, Dean. Washtenau Community College 
^--—^ Ypsillanti, Michigan 

Sackett, Robert N. Normandale State Junior 
College 

St. Louis Park, Minnesota 

Schiefer, Edward F. Southeastern Iowa Area 
Community College 
Burlington, Iowa 

Schroeder, F. Harold. The Detroit Edison Co. 

Detroit, Michigan 

Schulstad, Paul G. Commonwealth -Edison Co. 

Park Ridge, Illinois 

Schwarzlose, Paul F. University of Illinois 
Urbana, Illinois 

Seguin, Armand M. West Virginia State College 
St. Albans, West Virginia 

Selby, Stan. Hewlett-Packard Company 

Colorado Springs, Colorado 

Sheehan, William D. Ag. S Tech. College 
Alfred, Mew York 

Shehane, -Howard C. Columbus Area Voc-Tech. 
School 
Columbus, Georgia 



Simmons, C. Ray. Data-Design. Laboratory 
Cucamonga, California 

Siville, Willard F, Thornton Community College 
Harvey, Illinois 

Sizer, Milto'n A. Chicago City College- 
Wright Campus 
Chicago, Illinois 

Smith, Winton. Oklahoma State University 
Stillwater, 0' 7 homa 

.Soden, R. E. Iowa State Univei ty 
Ames, Iowa 

Sorensen, Jerry. Southern State College 

Springfield, South Dakota 

Sperstad, Marlowe ,L. Arizona State University 
Tempe, Arizona 



Sprengeler, J. II. Belleville Area College- 
Belleville, Illinois 



Staerkel, William M. Parkland College 

o Champaign, Illinois 

Stateler, Victor. Kirkwood Community College 
1 - Cedar Rapids, Iowa 

Stevens, LcRoy. Phoenix College 
Phoenix, Arizona 

Sugden,- Robert. Waukesha Technical Institute 
Waukesha, Wisconsin 

Sutcliffe, Roy M. Idaho State university^ 
Pocatello, Idaho 

Swank, Donald. Parkland College 

Champaign, Illinois 

Swartz.,„ Simon. Grand Rapids Junior College 
Grand Rapids, Michigan 

Symms, Jessee J. College of the Mainland 
League City , Texas 

Taylor, Vernal L. Florida A § M Univer.ity 
Tallahassee, Florida 

Thomas, Nick. McGraw-Hill 

Hinsdale, Illinois 

Thompson, Randall. University of Illinois 
Urbana, Illinois • 

Thornberry, Merce. Parkland College 

Champaign, Illinois 

Tibbets, Michael. North Central Technical 
Institute 
Wausau, Wisconsin 
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Timpte, Carroll. Mesa College 

Grand Junction, Colorado 

' Tomlinson, Robert M. University of Illinos 
♦ „ > Urbana, Illinois 

Unger, R. H. Iowa State University 
Ames, Iowa 

Voke, Neal D. Triton College 

I Glen Ellyn, Illinois 

Warthen, Charles. Joliet* Junicr^College 
Joliet, Illinois 

^Washburn, C.\. Belleville Area College 
. ^ Belleville, Illinois 

Watt, Keith M. Southern Alberta Institute 
of Technology 
Clgary, Alberta 

■*< 

Webb, Earl. Victorville, California^' 
Victor Valley College 

Wessels, Philip L. Sauk Valley College 
i Dixon, Illinois 

Wheeler, Felix H. Parkland College 

Champaign, Illinois 

White, Paul G. Chrnute Air Force Base 
Rahtoui, Illinois 

Wilcox, Alvin L. Danville Junior College 
Danville, Illinois 

Wilcox, Glade. Western Michigan University 
Kalamazoo, Michigan 



Wilson, John Madison Area Technical College 
Madison, Wisconsin 

Williams, Richard E. * Onondaga Community. 

College 
Syracuse, New York 

Willson,,Foy. Lenoir Community College • 
Kinston, North Carolina 

Wilson, Robert. "Illinois Central College 
' East Reoria, Illinois 

Wittrock, Marvin A. Oklahoma* State University 
p Oklahoma City, Oklahoma • 

Wolf, J.N." Fox Valley Technical Institute 
Oshkosh, Wisconsin* 

Wood, Herman. Tarrant County Junior College 
Ft. Worth, Texas 

Workman, William F. Atlantic Community College 
Ocean City, New Jersey 

Wright, Gayle. Parkland College 

Champaign, Illinois 

Zakowski, Leo F. Philco-Ford Corp. 

Chicago, Illinois * 

Zimmerman- Richard E. Letiigh> County 

Community College? 
Schnecksville, Penn. 

Zumkehr, John L. Kent State University 
North Canton, Ohio ' 
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APPENDIX B 



SOURCE INFORMATION ON INSTRUCTIONAL MATERIALS 



Spzcifiic inio/unation on audio-visual aids fiUtos 
is pKQJSzntzd in thiA Appendix 8. Elzct/ionics inAtAuqtoU 
who (Viz intzAZAtzd* in thZs tzchniquz oft inAt/uxction may 
hind item o£ pahticulcui valuz in thz listingA pKQJSzntzd 
Hqaz. 

ThoAz oaz szvz/ihl sovJicu o£ audio-visual aid* and -+ 
&ilms and it is not always zaAy ^on. an inAtAuctox to idzntifiy 
thosz that AatiA^y his paAticula/t nzzds. Thz matzKiaJLs havz 
. bzzn Azlzcutzd to help thz inst/iuctoK (tiith thiA task. -Evzn 
though tiiz availablz matznints duignzd pasiticulcvtly &ofi 
ElzctAonicA Tzchnology+aAz not pfzntifiul-; f(iz 'infio motion 
pKovidzd in thiA appzndix is not-aUL-incJLuAivz but AathzA 
a AcpAZAzntativz Aamplz. . \S 

Thz pzAAonnzl otf thz ETCV phojzet bzlizvz that thoAz 
is a dzfiinitz nzzd faon. visual aidA, audio - tutohia&~ Iwsoyia,' "~ 
and fiilms. Thzy also bzlizvz that zducational matz/Uals 
nzzd to be dzvdiopzd to' sat^fiy %hz panticulaA nzzds o& 
tzchnicjal zducation in Associatz Vzgkzz ptiognxuns. Educational 
materials oa dzACAibzd in thz iiAAt Auction KzpKQJSznt onz ofi 
, thz hurt dzdicatzd z^onts and should bz zncouAagzd. \ 
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ERA AUDIO-VISUAL* AIDS 



ERJC 



Education Research' Associates (ERA) ^ 
13181 Balboa Avenue #1 * 
Garden Grove, California 92640 

At present ERA audio- visual aids consist of: 



1. 



2. 

3/ 

4. 

5. 



Lectures on audiotape in semi -programmed 
form. The tapes are available' in two for5is; 
cassettes (1-7/8 i.p.A) and 5 or 7j inch 
reels with 1/2 or 1/4 {track monophonic re-> 
cordings at 3-3/4 i.p.s. An audible tone" 
signal to indicate a visual display change 
is superimposed ugpnthe narration. 
Filmstrips correlated to the taped lectures, 
glides correlated to the taped lectures. 
Overhead transparencies correlated to the 
taped lectures. 

Workbooks integrated with the audio-visual 
presentation to "make a complete instruction- 
al package. * 
6. Instructors solutions manuals for the work- 
book problems. / > 

With the above teaching aids the instructor has 
a most flexible choice in pr<isenting tutorial 
material of meaningful depth and excellent 
-quality- with a minimum of time-consuming drudg.- 
ery.\ For example, the instructor (or student * 
in a self-study situation) may present a com- v 
pletely prepared lesson on Kirchhoff *s voltage" 
i*xw by playing a tape and changing a slide or 
overhead transparency whenever he hears the 
audible tone signal. If a question or desire 
to comment should arise the recorder may be 
stopped and a class discussion may* erfsue. • 
Following this the lesspn may then be continued. 
Self- test questions are posed* during the audio- 
visual presentation and referenc-e is made to 
the workbook when necessary l;."^ach-tape con-,— - 
eludes with an appropriate /homework assignment 



/ , 



-in theyworkbook . This lnay be modified at the. 
Instructors* discretion. ' * 

The Student may also learn or review the 1-esson 
material in a flexible manner,, and at his owe 



pace, by withdrawing a tape and slide" set 
4 (or film-strip) from the library or similar' * 
responsible agency. He then proceeds to a^' 
study carrel which contains the tape player 
ancl a suitable slide viewer, if the carrels 
\ are made part of the normal classroom, six. 
uation the instructor will fina Considerably 
more time "for remedial Help. With suitable 
funds it is possible to distribute remote 
terminals as a part of a dial access system. 



/ * 
DC CIRCUITS . * 

< 1. Voltage Notation (DC-100) . / • 

2.. Current dotation (DC-101) 

3. Ohm's Law (DC-102) 

4 . Re s i s t ance x^&«4^) / 

5. Series -Cijettt^ (DC- 106) 

6. 'Parallel Circuits (CC-108) 

7., Series-Parallel Circuits (DC-110) 
■ ,8, 'Kirchhoffs Voltage, Law' (DC- 11 2) 
i 9. Kirchhoff^ Current law (DC-114) 

10. Superposition Theorem (DC-116) 

11. Thevenins Theroem (DG-118)* 

12. ^ortons Theorem (DC-120) / 

' 13. MilTmans Theorem* (DC- 122) ' 
- 14. Equivalent Circuits (DC-124) 
15. Equivalent Circuits (DC-125) . 
\d. Graph jx Analysis (DC-126J ' , ' 

17,*, Determinants (DC-128) . * 

This is- a very jcomplete package whifch. ' 
covers most of the topics* in a first cir- 
cuits course. Va^.ng waveforms atfe also 
-used besides DC and fits in very well'with. 
Resistive Circuits. ' jfV' workbook , "DC Cir- 
cuits Analysis with .Illustrative Problems; 
by Phillip Cutler" is avaiVabfe from Mc- 

'Graw-Hill which can be -used with the DC-100 

r . " > 
•series. 
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BASIC ELECTRICITY' ' 

1. Practical Electricity (PE-10) 

Practical electricity (PE-lO)consisrs of 45 
visuals to be used in conjunction with a £aped ^ 
"lecture. The material may be useJ independent-" 
1 lyJ by the student or under the control of an 
instructor. Audible tone signals on the tape 
.indicate when a visual change is due. * 

— The-PE-iO instructional package is intended for 
the beginning high school (or equivalent) stu- 

• dent. It is specifically designed to -teach the 
student some faahdamental -concepts df electric 
circuits^s tripped to their barest essentials. 

• Every effort Is made to impart an /intuitive » 

* _ ' i 

'insight into behavior of ,an .electric circuit- 
Absolutely no mathematics ether than simple j 
addition or subtraction is required** An eighth 
grade readings level is adequate. The tape j 

minimizes the amount of reading ability required. 

\. , • & I 

At the end of this lesson (PE-10) which typ-j 

ically runs .between 3.5 and 4.5 hours, the stu- 



dent will be trouble shooting, a jrotisserie/ 

0 

oven/broiler. 



DIFFERENTIAL AMPLIFIER 

1. The Differential Amplifier (DFA-10) 

[ 

Thi$ lesson introduces the general concept, of 
the ^dif ferential amplifier. It is treated' 
sblely as a black box and jio- attempt is made 
to investigate its possible contents at thi> 
time. Instead the emphasis is upon broad con- 
cepts such as: differential* gain, common mote 
gain, common mode rejection ratio, measurement 
of these parameters, and the s .ution of in- 
• s trument at ion # problems with the dif ferentiajj 
amplifier. This lesson works in very nicelv, 
with the .operational amplifier (OA- 10) lesst 

DIODES* 

1. The" Ideal Diode ^(ID-10) j 

This lesson introduces the concept of an idtjal 

td°iode. It lavs tie foundations for understand- 

I 

ing the practical solid state diode introduced 

i 1 



in the next lesson. Forward bias, reverse 
bias, and the break-point concept is intro- 
duced and applied to the analysis of some 
carefully chosen single diode .circuits . 

2. The Practical Diode (*>D-12) 
Tli is lesson explains the properties of the 
PN junction and its behavior under forward 
bias, reverse bias/- and reverse voltage 
breakdown conditions. The diode volt-ampere 
characteristic is developed, temperatures 
effects are investigated, and the concepts 
of barrier and diffusion capacitance are \ 
introduced. : 



V 



3. Diode Models (DM-14J • \ _ 

This lesson develops some practical piece- ^ 
wise diode models that are most useful in \ 
analyzing diode circuits. It also lays the y 
foundation for understanding the diode- like \ 
equivalent circuits or models of transistors 

4< Diode Circuit Analysis ' / , 

This lesson develops techniques of* single / 1 
and multiple diode circuit analysis based' 
upon ideal and practical diode circuit models. 
^Both the assumed state and break-point method 
of analysis are applied. 

"Available in tape/slide or tape/f ilmstrip 

* 

OPERATIONAL AMPLIFIER 

1. Operational Amplifiers (OA-10)* 
Theory and application of operational ampli- 
fiers from a M black box 1 ' viewpoint is devel- 
oped in this timely lesson. Building upon 
a modest background in feedback principles 
the student will leant powerful techniques 
- for ana)yzing OP-AMP circuits. 

Included among the many topics are: * 

a. noninverting amplifiers ^ 

b. inverting, amplifiers 

c. buffer amplifiers 

d. voltage regulators 
•* e. current regulators 

f. filters 



/ ••••■■/ 

I g. • integrators 
h. etc. / 
This lesson is presented in a semi -prog rammed 
format wi ^/considerable sel*-testing through- 
out' to insure comprehension. 

♦Available in tap^/s lide or tap^/filmstrip. 

/. • • - * 

; • . 

ilGHky FLOW GRAPHS 

1. /Introduction to Signal Flow Graphs (SFG-100, 



/: 



SFG-102, SFG-104) 



% i A/signal flow ^raph (SFG) is a means of pic- 
torial ly displaying the equations of a circuit 
I or system so the physical cause and effect re- 
I latio'nship are clearly evident. I T^is feature 
makes the SFG an outstanding toj>l^ror anafyzing 
' circuits .or systems and in particular those in- 
- volving feedback. , 



This highly successful programmed course will 
teach; . 

a. Flow-graph construction from circuit/sys- 
tem equations. 

b. Circuit /system equations (^termination 



the flow graph. ^ 

c. Manipulative, techniques for reducing and 
modifying flow graphs. 

d. Mason's ruie for determining output-vs- 

input relationships by inspection. 

u t ■* 

this outstanding course contains approximately 
p hours of taped instruction and 165. slides.' 



TRANSTSTOircrpCUTTS ; 
1. Junction Transistor (JT-10). * 
This lesson first introduces the concept.- of a 



controlled current source and then^r-oceeds^t^r" 
synthesize such a device from the properties 

associated with solid state diodesf This leads 

/ ' i 

to the /development of the transistor in a man- 
ner* wtyich closely Integrates its physical and 
electrical characteristics. Upon completing" 
this /lesson the student Will ^thoroughly under-_ 
stand transistor action, symbols, and basic 
terminology. ' 



2. Transistor Common^Base Model* (J^-l^) ■* 
This lesson first develops^ tvyn a consideration, 
of the transistor's physical properties an ac- 
tive region model in which, the Mependent col- 
lector current source is a function of thp-in- • 
jected emitter current. Subsequently,, a more* 
refined piecewise model is developed from a 
-consideration of the inpu^and output character- 
istic, curves. Upon completing this lesion, the > 
( student w^ll be able to analyze some basic, tran- 
sistor* citfeuitts by direct or ? indirect applica- • 

I ^ , - _■- — ^-j ■ — — * — ^ 

tion *of tl\is model. 

( 



3; Transistor Ccimmon-Emitter Model (JT-14) 
This lesson develops an active* region transis- 
tor model in which the dependent collector cur- 
rent source is a function of the injected basV 
current. The parameters of this 'model are re- 
lated to those of the common-base model. ConW 
pletion of this lesson enables the student to 
analyze some basic transistor circuits 4)y cor- 
rect or indirect application of I this model I 



4. Transistor Biasing and Stabilization /(JT-16) 
This lqsson discusses techniques for locating 
the quiescent operating point and 'Stabilizing 
it. Thermal problems are considered in* detail 
and the various stability factors are^both 
qualita ;vely and qaintitatively Jial^zed. Up- 6 
'^completing this ljssolP'ffie student will be 
jible to analyze a variety of biasing configura- 
tions for the location and stability of the t t 
quiescent operating point/ - * * 

, r 

5. ( Transistor SmaH Signal Models (JT-18). 

•Xhis lesson develops^ some small. £ignal (incre-' 
imental) models. In particular tin; emphasis is 
upon the H h ,f and "T" parameter models. Ijfie * V 
parameter interrelations between these models 
I is developed from a circuit father than purely 
mathematical approach. This reduces the math • 

— prerequis it e s t tmh ronveys a much better feel 
for these models. Aipon completing this lesson 
the student will be able t;o think in terms oi 



either the "T* 1 or "h" parameter model and con- 
vert from .one to the other. 



configuration for its static and dynamic char- 
acteristics. ~« 



J5, Transistor Basic Amplifiers QJT-20) 
This lesson introduces the three basic amplifi- t 
er configurations: common-base, common-emit- 
ter, common-collector (emitter- follower). Their 
various properties such as gain and impedance 
^relationships are developed in a practical man- 
ner • ..Upon completing this lesson, the s/tudent 
will be able to analyse a complete basic ampli- 
fier configuration of each type for its static 
and dynamic characteristics; . - ^ • 

7... Junction -Field -L^-feet-^r-r ansis Lu i s C FLT^rO) 
This lesson first introduces the student to the 
operating principles of the JFE1 and carefully 
interweaves its physical behavior .with its elec- 
trical characteristics . Upon .completing tliis 
lessoh the student will thoroughly understand 
JFET operation, symbols, and basic terminology . 

3. ^;cld Effect Transistor J-rodels (FKT-12) 
This lesson introduces means of modeling the 
JFET *£ot largo and small signnis. The large 
sigcal. model is based upon a ^iocewisv linear 
approximation .or an essentially parabolic trans- 
fer characteristic* The small signr.i increment- 
al models a*fe initially derived by ph>.sical rea- 
soning ajid later by relating to a "y" parameter 
four- terminal network. Upon completing this 
lesson the student will haYO an excellent in- 
sight into Xtxg FET and its analysis, 

2. FkT Basic Amplifiers (FBT-,16) „ . 

This lesson teaches the ^student how to analyse 
3fl<i model the basic FET amplifier configura- 
tions ^(.common -source, coiKSon-gate, uvA source-* 
follower)* Their various properties buch as 
gain and impedance relationships are Jfcvelopod 
in a practical manner* Upon completing this 
lesson in the * FET series the student will be- - 
able to analyze a complete basic amplifier 



10. Power Supply Regulators (PSR-IO) 

This lesson first introduces the student to the 
concept of a vultage regulator and some figures 
of merit for evaluating its performance. The 
Zener diode is 'then- introduced and its applica- 
tion in non-feedback regulators or as a refer- 
ence element is investigated, l/pon completing 
this lesson the student will be able to thor- 
oughly analyze a Zener diode regulatoi, 

11. Feedback (FDK-10) 

Tins lesson, the fir5t in the feedback serieb, 
introduces the stUdent to concepts and out- , 
standing characteristics of the closed-loop A 
negative feedback system. Upon completing^ 
this lesson the student will be able to thor- 
oughly understand how negative feedback pro- 
vides gain stabilization, outpuT^impedance is 
modified by voltage or current-derived feed- 
back, and Anput impedance is modified by 
series or shunt feedbacks 



12. Practical Semiconductor Diodes (PSD- 10) 
rhis lesion introduces ^the student to.semir 
conductors, PN junction pr.iperti^os, solid 
state diodes, anu some practical applications. 
The presentation is conducted at an elementary 
level with a minimum of physics, Upon complet- 
ing the lesson the student will have a prac- 
tical understanding of the solid state diode 
and its application to some basic circuits. 
This course jilso serves as an introduction to 
futv.re lessons in solid state devices and cir- 
cuits at a practical level similar to the 
Practical Electricity (Pli-10) lesson. 
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16mm FILMS 



ACCEL REVISITED: 
LAYOUT 



AUTOMAIED CIRCUIT CA7JD ETCHING 



ATOMIC PHYSICS, XESSON 1*. 
ELECTRONIC 



DISCOVERY OF THE 




Contact: u-.s.a.e.c. 

This film, in full color, shows a computer pro- 
gram which, designs printed circuit boards and 
produces the drawings for their construction 
*vith .the JLnpCt encoded from an. engineer 1 s 
schematic <2jLigrar. by a clerk without knowledge 
of electronics. 

*ii - 

ANALOG COMPUTER .AND ITS 4 APPLICATION TO ORDINARY 
* DIFFERENTIAL EQUATIONS * 

15 mm/min t /B&W/Sound/Cof,tact: U* of M. . 
This film, produced in .collaboration with Univ. - 
of Mich. Professors Robert rt. Kowe and Wilfred 
*<aplan, was made especially for use in courses 
*ph "Ordinary differential equations. It explains 
tne*dbsign and operation of tfee* artalog computer 
ariS illustrates £ts vajue in the study of bot-h 
^linear and- nonlinear te<£uations, 

COMPUTERS (INTRODUCTION TO 5 (£-233) (I^RC) 
\/S min./Contact: LeRC 

ASSExXlAD^FTABLE SPEECH SYStEM USING . ELECTRONIC 
TftAi&ING) (MP- 107$) 

1 6mm/ll^min . /co 1 oi>/souiid/Q©ntac t : Auto n e t ic s 
ItemOflsfcrates the computerized system which trains 
itself to recognise words spoke n^by a particular 
f speaker-* ar*d,tc discriminate between different 
'pronunciations and languages. Typewriter read- 
out provides graphic proof of the accuracy of 
the ASSET system. 

ATOMIC* *ENEftGY— INSIDE THE ATOM (BASIC PHYSICAL 
SCIENCE SERJES) 

13 min./color/$5.05/Contact: ^U. of I. 
A cloud chamber and geiger counter are used to 
demonctrat? the behavior of radioactive atoms. 
Explains the basic difference between radio- 
active and non-radioactive atoms and the use of 
nuclear reactors. Mentions several uses of the 
energy carried by radiation. 

ATOMIC MODELS, VALENCE, AND THE PERIODIC TABUS 

16mm/44 mi n./co lor/sound/Co noact: L\ of lowa 
Jfe.te is displayed a new type 3f three-dimensional 
ato'mic model showing coyalent radius, valence 
\jleqtronjic structure, and electronegativity. An 
elementary discussion of valence, emphasizing 
the teacoinc of directional nature and polarity 
J>y use pi iihese models j.s given. 

N'OTf. . Complete adresses are presented in the 
next section. The rental prices quoted 
% are for iiiiovinaiion purposes on s ly^ 



30 mihVB&W/$6\T5/Contact: U. of I. 
Demonstrates the general' appearance of high 
voltage electrical discharges in part iall y 
evacuated tuves, straight line propagation, 
and the momentum of cathode rays. 



ATOMIC PHYSICS, LESSON 2: 
AND MASS 



ELECTRONIC CHARGE 



30 min./B&W/$6.15/Contact: U. of J. 
Describes and demonstrates the bending of 
cathode rays in an electric field and in a 
magnetic field. These experiments show that 
cathode rays are negatively charged particles. 
Millikan's oil drop experiment is described 
in some detail. 



ATOMIC PHYSICS, LESSON 3: 
' THEIR ISOTOPES 



THE ELEMENTS AflD 



30 min./B&W/$6.15/Contact: U. of I. 
Describes Thomson* s mass spectrograph and his 
discovery of -.neon isotopes. Discusses isotopes 
And their relative abundance. 

ATOMIC PHYSICS; LESSON 4: ELECTRONIC CHARGE 
TO MASS RATIO (LAB DEMON) 

30 min./B&W/$6.15/Con€act: U. of I. 
A beaituof electrons from an electron gunnis 
bent in, a magnetic tie Id, and measurements 
of orbit radius, accelerating voltage, 
magnetic field, and current are made. 



atomic Physics, lesson 5: 

THEIR SPECTRA c 



LIGHT SOURCES AND 



30 min./color/$9.90/Contact.: U. of I. j 
Describes and demonstrates the four general 
types Of spectra: continuous emission, 
continuous absorption, line emission, and line 
absorption. 

ATOMIC PHYSXCS, LESSON 6: WAVE LENGTHS OF 
SPECTRUM LINES (LAB DEMON) 

30 min./B&W/$6.l5/Contact: U. of I. - 
Uses a diffraction grating to measure the 
spectrum lines of mercury vapor and sodium 
vapor. £rom the results the wave lengths can 
be calculated. 

i 

ATOMIC PHYSICS, LESSON 7: X RAYS 

30 min./coZor/$9.90/Contact: U. of I. 
Discusses the discovery of X rays by Rentgen,- 
the construction and principles of X-rays tubes. 



Ill 



aitd the principles by which X-ray photographs 
are made. . " * * 

ATOMIC PHYSICS, LESSOR 8: RADIOACTIVITY 

30 min./B&W/$6.15/Contact: U. of I. 
Discusses the discovery of radioactivity Jay 
Becquerel and the ionization of alpha, beta, and 
gamma rays. Explains and demonstrates the 
principles of the Wilson Cloud Chamber. 



•AUTOMATIC PROCESS CONTROL 

16 mm/33 min./color/sound/Contact: Instrument 

Society • *" 

The film discusses the four modes df control — 
on/off, proportional , proportional with jreset, 
and proportional with reset and rate action— 
and illustrates how a typical company's pro-*" " 
duct quality and economic returns caft X?e 
improved with the addition of each mode. 



/i*ATOMIC PHYSICS, LESSON 9: RADIOACTIVITY 
MEASURE* iNTS (LAB DEMON) 

30*min./B&W/$6.15/Contact: U. of I. 
The . characteristic plateau curve for a Geiger- 
Mueller -counter is determined experimentally, 
, a'nd measurements are made on a counting rate 
.meter to * verify the inverse square law.. 

ATOMIC- PHYSICS * PART 1: THE ATOMIC THEORY 



9 min./B&W/$2.'35/Contact: U. ol I. 
Starts- with the basic theory proposed by Dal ton 
in 1808, hri'a outlines progress in atomic study 
during the nineteenth century, including 
Faraday's electrolysis experiments and Mendeleef's 
* Periodic* TaSle. 

ATOMIC PHYSICS, PART 2: RAYS FROM ATOMS 

1*1 min./B&W/$2.65/Contact: U. of I. 
Demonstrates early work with cathode rays and 
discovery 6f the electron; how positive rays 
were discovered and their nature established; the 
work of Roentgen with X rays; and the work of 
Sir Joseph Thomson. 

ATOMIC PHYSICS, PART 3: - THE NUCLEAR STRUCTURE 
OF THE ATOM 

20 min./B&W/$4.45/Contact: U. of I. 
Reconstructs the early work of Becquerel and the 
Curies on radioactivity, and explains Rutherford's 
theory of the nuclear structure of , the atom. 
Moseley's work in support of this theory is 
shown by animated diagram < 

ATOMIC PHYSICS, PART 4: ATOM SMASHING THE 
DISCOVERY OF THE NEUTRON 

22 min./B&W/$4.55/Contact: U. of I. 
Explains the work of the Curies and James Chadwick 
in .the- discovery of the neutron. Discusses the 
splitting of the lithium attorn by Cockroft and 
Walton. Einstein- explains his theory of mass 
and energy. The cyclotron and its use is also 
explained. * 

ATOMIC PHYSICS', PART 5: URANIUM FISSION 

. 22 min./B&W/$5.15/Contact: U. of I. 
Reviews and explains events leading to the dis- 
covery of uranium fission. Outlines developments 
in the making of the atomic bomb'. Peacetime re- 
search arid a hopeful look at the gurure are 
discussed as. a closing for the series. 



BRATTAIN ON SEMICONDUCTOR PHYSICS 

16 mm/30 min # /B&W/sound/Contact^* Bell 
Dr. Brattain demonstrates thermal EMF, photo 
EMF, rectification and optical properties of 
semiconductors. He introduces a simple , 9 4 
mathematical model to explain the observed 
properties. » He also discusses the history of 
semiconductor development and the impact of 
new discoveries. 

A booklet containing the film narration is 
available on request. 

CALIBRATION OF THE PLATINUM RESISTANCE 
THERMOMETER 

..16- mm/16, min./color/sound/Contact: National 

Bureau Standards 
Shows the National 3ureau of Standards pro- 
cedure for calibrating a platinum resistance 
thermometer at the specified defining points 
on the International Practical Temperature 
Scale. Along with the procedure, the unique 
and intricate equipment "used at NBS for 
calibrating at the defining points is seen 
in Jjhis film. 

CAPACITANCE— PART 1: PHYSICAL AND ELECTRICAL 
CHARACTERISTICS AND FACTORS AFFECTING 1 
CAPACITANCE 

^6'tnm/29 min./B&W/1965 TF-ll-3627/Contact: 

U.S.A.F. " 
Explains the characteristics, applications, 
functioning, and effects of capacitance on 
electronic circuits'. 

CATHODE RAY OSCILLOSCOPE 

22 min./B&W/$2.15/Contact: U. of I. 
Shows, through animation and drawings, the par 
of the cathode ray oscilloscope, and its oper- 
ation and actual use for checking electrical 
circuits. Indicates the limitations of the 
ammeter and voltmeter for showing accurate * 
instantaneous current and voltage variation. 

CATHODE RAY TUBE: HOW IT WORKS 

17 iffin./B&W/$2.15/Contact: U.S.N. (Mn 2104) 
Demonstrates the^construction and function of 
each part of the cathode ray tube and how it 
produces visual images on a screen. Explains 
electrostatic and electromagnetic deflection 
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and how. varied currents affect the position of 
the spot' of light on the scope. 

(THE )' CATH ODErEAY^TUBE - WINDOW TO ELECTRONICS 

35 min. , ycol-dr/1961/Contact: Tektronix 
The heart of the oscilloscope is its cathode-ray 
tube,, on whose screen the measurements appear in 
graph form. This film shows the steps in the 
manufacture of this complex component. Using 
animated sequences, it explaines briefly and 
simply how a cathode-ray tube works. 

CERAMICS AND ELECTRONICS 

22 win ? /color/19 61/Con tact: Tektronix 
. The • importance of ceramic materials a*hd processes 

in oscilloscope development and manufacture is 
^ described in this film. It shows the use of 
ceramic mounting strips and other parts in 
Tektronix* instruments. 'Steps in our manufac- 
turing ♦processare are pictured. • * 

CIRCUIT BOARDS, DESIGN AND MANUFACTURING 

Contact: Tektronix 

This film, in full color, shows that electronic 
equipment today is more complex, yet smaller and 
more reliable than it was a few years ago. This, 
in^part> has been, made possible through the use 
of solid. state circuitry and" Circuit Boards/ 
Tlie-film covers the complete process in the 
design and lay-out of high quality boards. Prob- 
lems and their solutions are discussed. The 
\ complete manufacturing process is shown to the 
final testing of the boards. 

. COMMAND AND CONTROL*'\SFP 1345) 

18 min;./colbr/1965/ P%, TV. PS. /Contact: U.S. A. P. 
Defines the 473L data processing" concept in 
giving speed and accuracy to Air Force command 
and control'. Describes outdated manual jnethod 
of solving high level problems and emphasizes 
" ~nefed~f6T~an electronic approach to coping with 
today's world crises. Simulates a sudden brush 
war to demonstrate*473L capability in^answering 
questions on weather, personnel, communications, 
weapon 'systems, medical facilities, etc. 

COMPLEX WAVES I: PROPAGATION, EVANESCENCE AND 
INSTABILITY (1967) , . ' ' ' 

• .«» 

, 16 mm/26 min./B&W/sound/Contact: Education Dev. 
Center » * 

This film is one of a* series concerned with 
'\ electromagnetic fields and .forces as they inter- 
_\act"*With moving and deformable media.- This 

simultaneous display of the real phenomena with 
„ its associate (computer animated)- omega-k 

dispersion relations demonstrates the effect on 

the phenomena as the parameters of the system 

are varied. 

COMPLEX W/VVES II: INSTABILITY, CONNECTION AND 
AMPLIFICATION (1968) 



Same as COMPLEX WAVES I. 
COMPUTER GLOSSARY 
Contact:* IBM^-K.* 

This film, in full color_ and in animation, 
pictures a "fantastic voyage" into the com- 
plex microcircuitry of a computer. It also 
defines in basic terms the terminology of 
computers today such as flowchart, boolean 
logic, nanosecond and simulation to give the 
viewer an enlarged understanding of electronic • 
data processing. 

COMPUTER NETWORK ANALYSIS — AN ON-LINE 
INTERACTIVE APPROACH 

16 mm/9 min./B&W/sound/Contact: Bell Labs 
This movie demonstrates the use of an ex- 
perimental softwave system at the .Bell • 
Telephone Laboratories for on-line ^circuit 
analysis. • " t 

CRYSTALS (0113-BLACK AND WHITE: 0114-COtOR) 

16 mm/25 min. /sound/Contact: ■ McGraw-Hill • 
Demonstrates the" nature of crystals, how they 
are formed and why they are shaped as they are.. 
Shows actual growth of crystals under a. micro- 
scope; discusses how they may be grown.. Re- 
lates these phenomena to the concept of atoms. 

CRYSTALS--AN INTRODUCTION 

16 mm/25 min./color/sound/Contact: BelL 
This* film introduces the subject of crystals 
by demonstrating the orderly arrangement of 
atoms 'in the crystalline state and the rela- 
tion of this arrangement to the physical prop- 
erties of the substances. 

Primarily designed to provide an, introduction 
to crystallograph for students' for electrical 
engineering, it is appropriate for courses in 
physics, chemistry; and metallurgy* 

CRYSTALS AND THEIR STRUCTURES (4139) 

16 mm/22 min./B&W/sound/Contact: Modern 

Learning Aids . - 

Crystals have plane faces, sharp edges, sharp 
melting points, and may cleave easily to give 
new £lane surfaces'. The film riases'the 
question of how we actually discover these 
arrangements. . 



DESIGN AUGMENTED BY COMPUTER, DAC-I* 



16 mm/13-1/2 min./color/sound/Contact: G.M. . 
One of the world* s first operational man- 
computer design systems has been developed by 
and is operating at General Motors Research 
•Laboratories. The main features of this unique 
facility are described in this motion picture. 
For college engineering^ classes and other tech- 
nical audiences interested in the latest 
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research developments in the new field of com- 
puter-aided design. « 

DESIGN- AUTOMATION AT IBM 

i6 mm/18-1/2 min. /color/sound/Contact : IBM — N.Y. 
This dynamic movie features the Design Automation 
System currently employed at the IBMrEndiocott 
and Poughkeepsie plants. It highlights the use 
of ah IBM data- processing system as an aid for 
engineering' computer design and numerical con- 
trol* of production tools. 

DIGITAL COMPUTER TECHNIQUES: INTRODUCTION 
(MN 89B9A) 

16 : mm/16 >min. /col or/ sound/Contact: U. S.N. 
Provides a general introduction £° digital com- 
puters; explains the historical^ origins of 
calculating devices; points out the differences 
between analog and digital computers, discussing 
the .principal, steps involved in the solution of 
problems subjected to the digital, computing 
.process; „ 

DIGITAL CO^JPUTER TECHNIQUES: COMPUTER LOGIC 
"(MN '8969KB) 

16 mm/ 13 min. /color/sound/Contact: U.S.N. 
Explains by means of animation the binary 
-number system. - 

DIGITAL- COMPUTER. TECHNIQUES: COMPUTER LOGIC 
SYMROLOGY (MN 8969-C) 

16 mm/15 miri. /color/sound/Contact: U.S.N. 
•Provides a general. introduction to digital 
computers* explains the historical origins of 
calculating devices; points out the differences 
between analog and digital computers, discussing 
the principal steps involved in the solution of 
problems subjected to the digital computing 
process.* * * 

DIGITAL COMPUTER TECHNIQUES: COMPUTER UNITS 
(MN 8969-D) 

16 mm/24 min. /color/sound/Contact: U.S.N. 
Discusses in^an introductory way the major units 
of a digital computer. Describes the input unit 
and how it reads the problem data and instruc- 
tions, the output unit and"how'it delivers prob- 
lem solutions in some form of output medium, the 
arithmetic unit and how its, basic components 
work- and the control unit and the purposes of 
sequencing, clocking, .and timing. 

DIGITAL-COMPUTER- -TECHNIQUES: LOGIC ELEMENT 
CIRCUITS (MN 8969-E)-2 

16 mm/16 min. /color/sound/Contact: U,S.ti. 
Illustrates how solid state electronics' are used 
in modern computers. Shows how the circuits 

-handle the input signals of high and/or low volt- 
ages representing binary one'.s and binary zero l s 

. respectively, and how the proper output signal 
is. produced. * 



DIGITAL COMPUTER TECHNIQUES: PROGRAMMING 
(MN 8969-F) . p ' ' , 

16 mm/15 min. /color/sound/Contact: U.S.N. 
Defines computer programming, explains what is • 
meant by analyzing the problem, shows how a 
simple flow chart is prepared with symbols and 
gives their meaning, and shows how instructions 
to the computer are encoded in computer 
language. 

DOMAINS AND HYSTERESIS IN FERROMAGNETIQ * * . 
MATERIALS c 

j 

16 mm/27 min:/color/sound^Contact: Bell ' 
Building on material presented in "The 
Formation of Ferromagnetic Domains," this film 
develops* the theories that are fundamental to 
understanding hysteresis in magnetically soft 
and magnetically hard materials and shows 
motion pictures of domain waH motion. A full 
discussion of the origin of the coercive force 
is also included. 

ELECTRIC POWER' GENERATION IN S PACE X HG • NASA ) " 

16. mm/26-JL/2 min. /color/sound/Contact : NASA 
Shows the problems of generating electric power 
in space and the methods used for different . 
power levels including the batjtery, solar cell, 
and fuel cell., ' 

-ELECTRICAL POTENTIAL ENERGY AND POTENTIAL s 
DIFFERENCE (PARTS I AND II)' (0431-2) 

16 mm/54 min./B&W/sound/Contact: Modern 

Learning Aids 
In Part I of this film, £he mechanism by which 
the battery establishes an eleptric field in a 
circuit is analyzed and the electric pdtention 
energy stored in such a system is measured 
experimental ly^and -.explained theoretically. 
In Part II, is, shown how the energy trans- 
formations in a steady current-carrying cir-* 
cuit can be obtained from measurements of 
potential difference and electric current, 
including the energy dissipated internally in 
the batteries used. 

ELECTRICAL QUALITY CONTROL OF RAW MICA USED . 
IN CAPACITORS 

16 mm/9 min./color/silent/Contact: Bell Labs 

ELECTRICAL SAFETY IN THE HOME 

i4 min./color/$4.85/Contact: U. o£ I. 
• Tom and his father: use. an electrical safety • 
inspection sheet as a guide in checking their 
home for electrical hazards. Dad's explanation 
of the principles of electrical safety is 
dramatized" by flashbacks to a demonstration. 

LLfXTRICITY : FROM POWER PLANT TO HOME 

12 min./B&W/$2."2S/Contact: U. of I. 
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Visits, a power plant to present the basic^ facts 
regarding the generation and distribution 6'f' 
electric power from home use. Magnetic induction 
is explained through animation. 



ELECTRICITY AND MAGNETISM, LESSON 1: 
AT 'RES5T 



ELECTRICITY 



30 min./B&W/$6.15/Contact: U. of I. 
Demonstrates^ experiments, w ittu. st atic, electricity- 
ana^ forces "bTtaeeri electrical ly charged bodies. 
_Shows^electroscopes and electrometers in use* 

ELECTRICITY AND MAGNETISM, LESSON* 2: COULOMB'S 
- ' LAW— 'ELECTROST AT IC S " 



Shows- how. the electromagnetic compatibility, 
program helps provide interference free 
communications systems. Combines a variety, 
of Known interference effects with a simulated 
missle launch and guidance and tracking 
situation to emphasize types of degradation 
problem. t . . % 

ELECTROMAGNETS: HOW THEY. WORK - 

11 min./BSW/$2.35/Contact: U. of I. 
Presents the principles underlying the con- 
struction and operation of electromagnets,.^.^.-., 

(THE) ELECTRON, AN INTRODUCTION > ' * 



30 min./B&ti/$6.15/Contact: U. of I. 
D i s c u sses. J:he 1 aw , o f force s be tween e 1 ec tr ica 1 
charges.. Demonstrates charging by induction and 
discharging- by points. , .> 



^ELECTRICITY AND-MAGNETISM", LESSONS: OJttJ' S .LAW 

30 min./BSW/$6.15/Contact: U; of I. . 

The relation -Jbetweeh voltage; current, arid 
resistance <is demonstrated and treated ih detail. 



ELECTRICITY AND MAGNET I |M, LESSON St. 
-ELECTRIC^FIELD' AND 'POTSNTIAlT 



THE 



30 min./B&W/$6.3^/Contac\t: U. of I. 
-Defines and explains the meanings of electrical 
potential, potential difference, electrical 
field, and intensity. " 



ELECTRICITY. AND MAGNETISM, LESSON 10: 
CAPACITANCE 

30 min./B&W/$A. 15 /Contact; U, of I» 
Presents and demonstrates the principles of 
^capacitance and the construction of fixed 
v ? r i*£ le - capacitors»- 

i •» 
ELECTRICITY AND MAGNETISE *-bbS:, "3: 
ALTERNATING CURRENT THEORY 

30 min;/B&W/$6.15/Contact: U. of !• 
Introduces the concepts of inductance, inductive 
reactance, capacitive resistance, and impedance 
as fundamental principles relating to alternating 
currents. Demonstrates levitation with an 
operating . levitator. • 

ELECTROCHEMICAL REACTIONS 



16 mm/16. min./B&W/OE 175/Contact: ^U.S.O.E. 
Nature of electrons? electron flow in solid 
conductors; electromotive force; types and 
control of electron flow;" electron flow and 
magnetic .fields; .and -induced electron -flow; • . 

ELECTRONIC COMPUTERS. AND APPLIED^ MATHEMATICS 

16*mm/23 jnin./B&W/color/Contact: Colburn 
Explains the basic principles and operation of 
electronic computers and the use of Binary 
Arithmetic so that number systems and the 
Place Value Concept are most meaningful. 
Unusual uses of the computer stimulate interest 
in Mathematics and 'Science careers. 



ELECTRONIC DATA PROCESSOR (THE) NCR 390 



16' mm/20*min./color/sound/Contact: NCR 
This film describes the NCR 390, a digital 
solid state computer built with modular con- 
struction. It 'depicts the four methods of • 
input and output, console keyboard, punched 
paper tape, punched tab/ cards, or external 
magnetic memory ledgers. 9 

ELECTRONICS IN AUTOMATION 

% - 

16 mm./22 min./B&W or color/sound/Contact: 
. 7 DeVry 

'Shows many opportunities in the coming field of 
automation electronics. Depicts "push-button 
plant" of the future and shows applications 
of electronic controls to production processes. 
Shows recently developed computers. and_ other- 
electro hie devices, also explains the part 
automation is expected to play in modern 
offices. 



14 min./BSW/$3.15/Contact: U. of I. 
Explains an<S demonstrates the principles on which 
voltaic and electrolytic cells operate, the 
actual operation of these cells, electrolysis, 
electroplating, and the ^operation of a storage , 
battery. ^ „ * 

ELECTROMAGNETIC COMPATIBILITY (SFP 1404) 

v M * 

16 mm/14 min. /color/sound/Contact: U.S.A.F. 



ELECTRONICS, LESSON U ELECTROMAGNETIC WAVES 

30 min./B&W/$6.15/Contact: U. of I. 
Describes and demonstrates the fl Leyjden jar and 
,the discovery of oscillating circuits. De- 
scribes and demonstrates electrical resonance, 
the propagation of electromagnetic waves, and 
the principles of the Tesla coil. 
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ELECTRONICS, LESSON 2: VACUUM TUBES 



ELECTROSTATICS (SECOND EDITION) 



30min./color/$9.90/Contact: U. of X, 
Reviews the historical development of wireless 
and. radio from Marconi to the DeProest Audion. 

<■ » 

ELECTRON ICS r LESSON 3: CHARACTERISTICS OF ^ 
VACUUM-TUBES (LAB DEMONSTRATION) 



11 -nin./B$W/$2.35/Contact: OF I. 
Shows that a knowledge* of static electricity 
is fundamental to an understanding of modern 
theories of electricity. 

ELEMENTS OF ELECTRICAL CIRCUITS • 



30 ihiri./B&W/$6.15'/Contact: U. of I. , 
..Demonstrates the measurement of grid-voltage 
and plate current applied to the elements of 
a triode vacuum tube, Frcm these, double 
.characteristic curves are to be plotted'. * 



ELECTRONICS, LESSON 4: 
AND RADIO ' 



OSCILLATORS, AMPLIFIERS, 



3a„min./B&W/$6.15/Contact; • U. of I. 
Describes electrical circuits usin^ tr*Io4e . 
vacuum tubes as amplifiers and as oscillators, 
Discusses .a simple radio transmitter and the 

_pXijiciplesj.of~a^oud-speaker^7~" 

, ELECTRONICS, : IfcSS0N 5: THE PHOTOELECTRIC EFFECT 

_m»mirii/B&W/$6 : .15/Contact: U. of I. 

'Demonstrates .the phenomenon of the emission of 
electrons from metals, by the action of light, 
and : explains it through the Einstein photo- 

•electric, equation. Also demonstrates the » 

*• transmission of sound over a light beam* 



ELECTRONICS, LESSON 6: ELECTROMAGNETIC WAVES 
(LABORATORY DEMONSTRATION) 

30 min./B&W/$6;i5/Cbntact:, U. of I. 
VHF electromagnetic wave lengths. are shown by . 
standing waves on a conductor . Wave length of 
microwaves is measured by reflection of a plane 
surface; 

* ELECTRONICS ~, LESSON, jj RADAR-AtJD~TV • - * 

30 min./B&W/$6.15/Contact: U. of I. 
Describes the echo effect' of microwaves and ex- . 
plains the use of wave guides. Presents the 
principles of scanning and of the ifoage orthicon 
as used in tv. * , 



11 min./B&W/$2.35/Contact: U. of X. < 
Shows that electric current is a flow of elec- 
trons controlled by circuits. Describes home 
electrical circuits, and illustrates a short 
circuit caused by faulty insulation, 

ENGINEERING, CAREER FOR TOMORROW , 

23 min./colpr/$6.45/Contact:' U. of I. \ 
Answers many of the" questions of the high- 
school student wl\o is interested in engineer-, 
ing as a career. Shows various fields that 
are_open_in_ engineering*- Explains what eacfi 
engineer does and the status of engineers in 
the^world today. . \ 



-ELECTR0NIC$7~LE"SS0N 8: CE IpER -MUELLER AND 
SCINTILLATION COUNTERS (LAB DEMON. ) 

30 min./B&W/$6.15^Contact: U. of I. 
Studies the countijvf^rate capabilities of the 
Geiger-Mueller and .scintillation counters. The 
resolution time of the Geiger-Mueller counter is^ 
determined from counting rate measurements. 

ELECTRONS AT WORK (BASIC PHYSICAL SCIENCE SERIES) 

14 min./color/$5.05/Contact: U. of I., . 
Discusses" the characteristics and behavior .of 
electrons the relation between electrons and an 
-electric charge and the fact % that electrons can 
fee used in many ways they are* controlled. 



ENGINEERING.-.-THE^CHALLENGE OF THE FUTURfe 

i _ 
23 mih./color/1968/Contact: Bell 
Students describe their reasons for choosing a 
career in engineering, high school counsellors 
and college engineering. t Professors discuss 
qualifications and course requirements and 
professional engineers tell- of the .challenges 
they face in their daily work and the job 
duties they perform. Potential engineering 
students will .get a comprehensive view 'of 
what it takes ^o become an engineer and the 
variety of- careers available from the kinds 
of people with whom they will study and 
work. ' 

EXTRA HIGH VpLTAGE CONDUCTOR . 

Cohtac t : Reyno Ids, 

This film, in full color, deals with new 
developments in conductors for extra high 
voltages. The film shows some of the first 
installations of m ah eight million dollar 

project which is to be cc j^jx: ted-in _197Q« ~ 

-ReynoTds~has produced and tested an extra 
high voltage cable that is now in service. 



(THE) FORMATION OF FERROMAGNETIC DOMAINS 

16 mm/40 min./color/sound/Contact: Bell Labs 
Provides a detailed elementary treatment of* * 
the origin and behayior of ferromagnetic 
domain structures for. engineering students 
and technical ^societies.—. - — 

. FREQUENCY RESPONSE (PRINCIPLES OF) ® 

16 mm/37 min./color/sound/Contact: Instrument 
Society ' " . " 
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Presents in non-math terms the elements of fre- 
quency response as a tool of quantitative dynamic 
analysis *of process control systems. 



GAP ENERGY AND RECOMBINATION LIGHT IN GERMANIUM 

i 

37 min./B&W/sound/Contact: Coronet 
An optical experiment is performed to measure 
the wavelength of the light emitted by the jre- 
combination of excess hole-electron pairs in 
the neighborhood of a p-n junction located r near 
the middle of the germanium bar. " , »' 

GAS -FltLED TUBES (PRINCIPLES .OF) (OE 353) 

16 mm/15 min./B&W/sound/Contagt: DU-#rt 
Theory of ionization applied to gas-fi* led. tubes? 
control of current in circuits employing gas- 
filled- tube's^ use of " the gas diode as a rectifier? 
actio n^of^the grid in a gas triode? and applica-r 
tion of the: gas trioSe as a grid-contr611ed 
rectifier. . 



;„HARMdNIC^PHASORS (1966)^ J ' 

16 mm/ 7. min^/B&W/si lent/Con tact: . Education 

Dev. "Center * 
This film was made" as a part of the program pf * 
the National Committee for Electrical Engineer- 
ing" Films primarily for students of electrical 
engineering"^ and was produced by Education. 
Development Center under, a grant from the NSF. 

^ERITA^OF A METER 

16 ^^20 m in./color /sound/Con tact: Westinghouse 
"Shows the assembly of a Westinghouse magnetic, * 
meter, rells'why, with the 'assets of good 
engineering *and design, this" meter will take 
the hardest service, under the most adverse - 
conditions. 

HYBRID-INTEGRATED CIRCUIT TECHNOLOGY 



16 mm/20 min./color/sound/Contact: ' ij&^-N. Y._ 
This f j.lm_presents twa methods~T5y^5hich micro- 



electronic circuits are assembl ed as IBM* bvL 
means 'of a hybrid-±ntecfrate,d approach. 



IBM: "CLOSE UP . % 

Contact;: IBM— K. 

This- film, in .full color, presents a^look at 
IBM, its people and their tf^.ews of the tech- 
nology with which^they are working. Included' 
are glimpses "into real liCe applications of 
computers in education, medicine, space, and 
textile design. 

INSIDE TELSTAR— RELIABILITY IN THE MAKING 

16 mm/2'0 min./color/sound/Contact: , , Bell Labs 
Presents a pictorial history of the assembly and 



testing of Telstar I, with'emphasis on quality 
_ control- and reliability. 

INSTRUMENT 'ASSEMBLY AND PRODUCTION FLOW. 

27 min»/color/1961/Contact5 'Tektronix 
Produced as an instructional- motion picture, 
this film, describes the .flow thrbugh one t?f- 
our manufacturing^piants of ^aV~$afc~e rials and 
purchased and Tektronix-made parts, from 
receiving,' through assembly and /test, to ship- 
ment of -thfe- instrument, 

INTRODUCTION TO RADAR 

22 min;/B&W/$2.15/Contaci^ U, of I. 
Gives, an elementary explanation of »radar,, 
covering the .basic ^theory oh which it operates, 
nomencla ture ^ anj^he -different kinds o£ radar 
(detection, search, aircraft, warning, homing 
• and navigational aid) • Includes a briefs 
description of PPI, Ends by petting .up a 
problem and solving it by radar* A 1944 ■* 
production, - 



KINGSTON ENGINEERING LAB _ v 

16 mm/10 min. /Contact: IBM — N.Y. . 
Areas of research and development in the 
Engineering Laboratory. (IBM) are described, 
including thin films and cryogenics* . 

(THE) KLYSTRON 

\ • • 
16 mm/17 miru/sound/color/Contact: McGraw-Hill 
This film explains the working of a. two-' 
cavity klystron ampiif ier. An electron beam • 
travelling from a cathode tp a collector 
passes through two cavity^resortatdrs. 



MEMORY DEVICES * 



16 mm/27 min./color/sound/Contact: Bell 
This film shows informatiorL _s,tofage~ devices — ~~ 
-used^inmodern computing machines 1 memories, 
and explains how binary information i g-p^r-M 



-rwr-tnenr; 

Basic conepts^ and terms are explained and 
examples of mechanical/ electro-mechanical, 
magnetic, electrostatic, and. photographic 
memories are described* The following memory 
•devices are jshown; punched tapes, relays, 
magnetic tape, magnetic drums, ferrJLte cores, 
ferrite sheet, twistors, capacitor array, 
barrier grid storage tube, and flying spot 
store.' 

MICROELECTRONICS AND MINUTEMAN II (MP-1045) 

16 mm/color/sound/Co^it4ct:- Autonetics 

Describes Autonetics 1 effort in designing* and 
producing, the world's first microminiaturized 
systerj for the Minuteman II missile. 
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MICROELECTRONICS , {THE) ROAD TO'-RELIABILITY 
' :(MP-X033R) - • 

16 nun/29 min»/color/sound/Contact; AutonetiCs 
Starting with the earliest attempts to reduce 
the size and heat generation of standard vacuum 
tubes, the, film shows the development of semi- 
conductors from the first transistors to the 
micro-miniature components of today, ■ * * 

MICROWAVE OSCILLATORS 

18 miri./B&W/£2.15/CChtact: U. of I. 
Explains. the .basic theory and operation of , the 
;magnetrol/arid "klystron. 

.MINORITY CARRIERS IN SEM I -CONDUCTORS _ . 

16- mm/26* min J/B&W/sound/Con£act : Education 

TDev. Center* 
-This .film- demonstrates-' the existence and be- • 

havior of injected excess jninority.- carriers in 
.semi-conductors* by repeating "in modified* form 

the Hayries-C hock ley 4rift-mobility experiment. 

- V*' v 4 

.MODERN MANUFACTURING-COMMAND PERFORMANCE (SFP 

'3153)-' : . 

33 min. /color/l963/PE for professional or 

specialized groups only/Limited prints/ ■ . ; 
* - Contact: . U.S.A. F. # %w \ ' 
Illustrates use. of automation by industry to 
reduce costs/ /improve quality\and speed produc- 
tion^ Shows how manufacture ot parts can be 
programmed. so that computer tapes accurately 
con tro 1 mi 1 ling and stamping -machines for precise 
production o£ precision parts. ** - 

MOS-FET (METAL OZ IDE .SEMI-CONDUCTOR) . (MP-1084) 

* *■ 

16 mm/14 min.'/color/sound/Contact: Autonetics 
Graphically discusses the MOS device and explains 
the design, fabrication, operation, and appli- 
cation of the functions of thejiOS devicer r ~ 
through -1 i ve -'art^an ima ted footage. 



MOVIES FROM COMPUTERS ; AN I NTERIM-REPORT" 



,16 mm/20 min./B&W/sound/Corttact; - Education 
Dev.- Center 

•The film presents a number of extracts from 
existing computer generated. industrial and „ 
research films. The basic purpose if to 
stimulate study and use of computer animation 

•of. films- as a^ basic tool for learning. 



OSCILLOSCOPE - WHAT IT IS, WHAT IT DOES 

9 min. /color, 1961/Contact: Tektronix 
This non-technical explanation of the oscillo- 
scope and its uses stresses the instrument's 
importance as a basic^fileasuring. .tool for 
electronics in particular,, and science and 
industry in general. • 



. OSCILX&SCOPE • DRAWS A GRAPH 

f 

" 20 min./color/1962/Contact: Tektronix 
How. an oscilloscope works is described" simply 
in words and pictures, in this non-technical/ 
film* -The importance . of an oscilloscope -fto 
science and industry is emphasized. The film 

- tells howxo read information that is graphed 
on the oscilloscope's, cathode-ray screen. 



PHOTO-CONDUCTIVE EFFECT 
& 

16, mm/16 min^/B&W/sound/Contact: McGraw-Hill' 
The film opens by showing how the 'photo- 
conductive cell is highly^ sensitive to heat ■ 
radiation— Various methods of detecting and 
measuring infra-red' radiation are illustrated. 

PRIMARY CELL _ - / " 

16 mm/11 min. /sound/Contact: Encyclopedia 
Britannica 

Explains dry cell operation in terms of electron 
action. Through. animated drawings and natural 
photography demonstrates ionization of an 
electrolyte, electron' flow, action at elec- 
trodes, polarization, .and function of the 
depolarizer. 

PRINCIPLES OF GAS-FILLED TUBES • " ' 

15 min»/B&W/$3.15/Contact; u# of* I* 
Presents the theory of ionization as applied 
togas-filled cubes; the control of current 
in circuits employing gas-filled tubes, the 
use of the gas diode as a rectifier, action of 
the grid in a gas triode, and the application 
of the gas triode as a grid-controlled 
rectifier. • - » 

PRINCIPLES OF THE OPTICAL MAS ER.'"" - - - 

- — — - ^ 

30~min./color/l963/Contact: Bell 
Dr. C. G. Bl Garrett of Bell Telephone Lab. 
shows how basic p hyjgical-concepts- are~*applirecT 
to make an optica'l maser oscillate. 

Thfe. optical maser is examined as a generator . 
of electromagnetic energy \n the optical range 
of frequencies, having. many Qualities similar 
to standard radio and microwave oscillators.. 
The principal types of gas and solid as state 
optical masers are shown In the laboratory. * 



PRINCIPLES OF THE .TRANSISTOR (ADVANCED SCIENCE 
SERIES) ' ' " 

21 min./B&W/$4i55/Contact: U. of I. ' . 
Uses animation and demonstration to describe 
the development, uses and theory of semi- 
conductors, germanium diodes, and transistors. 
Shows the early uses of semi-conductors in 
crystal sets and-explains conduction in 
conductors, semi-conductors, and insulators. 
Explains in detail how the germanium diode 
and the transistor function, with details 
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concerning the/crystal" lattice. P- and N-type 
.germanium, and;!hole conduction. _ Each animated 
sequence of. explanation, is followed by a - \ \ 
demons tratior* ofr'the- principle. Discusses *- 
advantages of transistors in*computors, radios, , 
and hearing aids* ^ • - * 

PRINCIPLES OF ULTRASONICS (ADVANCED SCIENCE 
; SERIES) \: T\ • ; • 

i8;min,/B&W/$3.95/Cpntact: \). of X. 

.Depicts -.the. relation, and rage of 'sonic and 
ultrasonic .waves, Shows. how these'Vaves are 

.detected and various types of wave generators 
which pan.be used- ,to prorogate them: loud- 
speaker,. magnetorslSictpr, and crystal trans- 
ducer. Explores theiproper ties of ultrasonic 
waves\ and the uses tcV: which they can be applied. 



I. 



animation .it shows* the various components and . 
how they, are integrated within the spacecraft?, 

RESPONSE OF A RESONANT SYSTEty TO A FREQUENCY 
STEP (19§8) " \\ . 

12 min. /silent/Contact: Coronet' 
This film is a computer pantomime motion .picture 
designed to be used as % a teaching aid in 
■demonstration .fundamental concepts relevant to: 
(1) linear system theory?' and/ (2) frequency 
modulation. Specifically, the role assumed 
by transients in providing a smooth transition^ 
between initial and final steady-state con- 
. ditions is illustrated using rotating ''Fhasors" 
•to portray the envelope and phase of modulated 
signals. - *\ 



PRINTED. CIRCUIT STORYV. 



16 mm/25 min./color/sbuhd/Contact: Bray * ' 
.Shows._how^|)rinted circuits are manufactured from, 
the -bare, .laminate through component installation 
.on etched and plated circuit boards. . Introduces 
recbinmended .tools and helpful items- for the 
servicing of printed circuits as well as 
repairability technique ^according to accepted 
industry .standard practices. . 

•.PRINTED. CIRCUIXS AND THEIR REPAIR 

28 min./color/1961/PE>^TV, TH, pS/Contact: 
* -U*S«A«F. - 

§hows how the accomplishment of many Air Force . 
imissions^is- dependent^ on -reliability of printed 
circuits. Covers methods of manuf actur ing , 
cleaning and .repair, o .Demonstrates types of 
emergency repair. Also illustrates types of 
tools used* . ' r ' 

PROPER HANDLING OF CATHODEtRAY TUBES • 

20 mih./color/1962/Coi^ 

A-cathbde-^aT~tul5eris 'intricate - an4 delicate. 
-Abuse not only represents money lost but also 
presents" a hazard. . This film shows clearly 
the right and wrong ways to handle CRTs, and 
explains how to de- evacuate a cracked or other- 
wise defective tube. 



* SECOND GENERATION ' MICROELECTRONICS " . 

Contact: . Autonetics . . , 
This film, in full color, shows research, 
development and systems applications of ad- 
vanced microelectronics. Evolution of inte- 
grated circuits thin films, and ceramic t 
printed circuits to multifunctional IC # s, 
metal oxide semi-conductors ,^ and silicon-6n- 
sapphire devices, and their application is 
described. Future use of epitaxial ferrite" 
micro-memory, sillcon-on-sapphire stripline 
waveguides, and Gunn-effect oscillators \ 
conclude^ the _£ilm.\ ; 

SECONDS FOR SURVIVAL (SFP 1043) j 

28 min./color/1960/PE, TH ./Contacts U.S.A.F.. 
Describes NORAD-ADC-SAC alert system of which 
the Dew Line, RMEWS, and separate radar and 
aircraft control and warning systems through- * 
out the world are important facets r . Narrator 
is Raymond Mas soy. * 

. SEMICONDUCTORS , PART 1: DIODES AND TRIODES. 

. . A • . .** 

21 min./B&W/$4.15/Contact: U. of I. 
Presents the basic physics and theory of hold 
and electron flow in semiconductor materials 
as related to the P-N junction and y funda- 
mental principle's that apply to "junction 
rectifiers. fc 



RADIO WAVES — PLANET EARTH SERIES. (JPL 458) 

16 mm/29 min./colbr?sound/Contact: Jet 

Propulsion Lab. • *. 

A study* of. the .nature of the artificial radio 
waves; an examination of the vast electrified 
region above the earth and introducing the 
subject of natural radio^ waves*'. 

RELAY (HQ. "NASA) 

16 mm/28 min,/color/souhd/Contact: NASA 
A. technical documentary film of the -RELAY* 
communications spacecraft. Through the use of 



SEMICONDUCTORS, PART 2: 
. AMPLIFICATION 



LOW FREQUENCY 



22-min./B&W/$4.15/Contact: U. of 1. . % 
Presents the fundamentals of transistor low- 
frequency amplification; a brief review of 
electron and hole flow, P-N junction charac- 
teristics, and transistors symbols; the build- 
up of amplifying circuits, a discussion o£ 
common emitter, base, *and collector, circuits; 
and a detailed -analysis of the* operation of 
/** the common emitter and common, base ^circuits. 



\ 
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TsiM^IARlTIES^IN WAVE BEHAVIOR 

' ~* S ^ \ J 

16 mm/26 min./B&W/sound/Co'ntact: Bell £abs ^ 
In this film, v Dr. J, N. Shive, Director of the"' 
Education and Training Center at Bell.' Telephone 
Laboratories, discusses the* similarities that- 

% exist in^the behavior of waves- in ^various 

^mechanical, electrical* acoustical, and optical • 
systems'. - J • 

* * ■ ' . " ' ■ 

SOLVING THE UNBALANCED BRIDGE '(WITH THEVENIN'S 
".THEOREM)" ' • ^ 

v * • " ' 

16 mm/16- 1/2. min./B&W/^ound/Contact: Tektronix 
This is^a- lecture film given by Nelson Hibbs. 
It is. the 'second pari* in a series oh Thevenin's 
'Theorem. Presented in, the same manner as pre* 
f vipus film* *With the first film on Thevenin's 
^Theorem as a basis, this: film takes a typical 
example, the,* unbalanced bridge, and shows how 
simply this- problem is solved us,ing iThevenin. 

SOUNDS OF. PROGRESS 

34 min»/color/1963/Contact: Tektronix 
Several Tektronix manufacturing activities are 
shown, in this film,-, including metal, plastics, 
toolingT electrochemical and frontrpanel . 
' production* " 

9 (THE) SQUARE WAVE m ^ 

16 mm/25 .min-/B&W/sound/Contact: Tektronix 
A square wave is one of the most useful types 
of. test signals* • In many cases it is* much more 
useful than the sine wave in electronic testing 
and design* This film -goes, into the theory of 
the square wave,, analyzes it and shows that a 
single "square wave actually consists of a series 
of sine waves". ' t j 

. STANDING WAVES ON TRANSMISSION LINES 

16\mm/23 min./B&W/MN 1540-K/Contact: , U.S^N. 
By means of animated diagram*:, .laboratory, 
demonstrations, and -diverse analogies explains 
the causes, results, and prevention of standing 
waves iir radio high frequency 'transmission lines. 



TECHNICIANS FOR'. TOMORROW 
Contact:" Conn. State Dept. 

A 16 mm color film prepared by the Connecticut 
State Department of Education .which, presents 
the story of engineering technicians and the 
programs at Connecticut technical institutes. 

TEKTRONIX: THE> WORLD OF MEASUREMENT 

25 min. /color/196 6/Contact: ' Tektronix 
This film introduces- Tektronix and describes its 
product, the oscilloscope, -and its importance 
in making precision measurements in a very wide 
variety- of scientific and technical applications. 
The viewer receives a "tour" of <?ur industrial 



.park and its many buildings, highlighting 'our 
varied majufacturing pro~cesses4^ Component, 

-rathode^ray tube, ceramics and transformed 
manufacture; toolmaking; metal SSbrication; 
instrument assembly;' testing,' and, calibration. 

TEKTRONIX ON THE ISLE OF GUERNSEY . 

o • 
22 minx./color/il962/Cdntact: Tektronix ' 
Arwimportant part of Tek^roriix'^ overseas 
activity as our ♦manufacturing operation on 
the English Channel Isle. of Guernsey. .This 
fiim describes the island's history and shows 
its scenery, people and' industry - particularly 
Tektronix' plant, de£icting*'how it fits dnto 
the istfand's- economy*. % 

THERMOELECTRICS ■ 

, * \*\ • , ; 

; x6 mm/18 miri. /sound/Contact: %>dustrial 
"?Y first 'and only' film orfrthe-practical 
a. >lication of thermo-electricity — the new v 
technology that is revolutionizing the 
approach to cooling, heating t an$' temperature- 
control. The film explains concept and prin- 
ciples of thermoelectrics, demonstrates* 
techniques for applying principles, portrays 
scores of throught-'provoking applications* 
and gives considerations in specifying for 
. thermoelectric deydces. - 

. ' \ .. " ' ' - ■ • 

THEVENIN'S THEOREM 

16 mm/12 min./B&W/sound/Contact: Tektronix 
This is a lecture "film giyen by Nelson Hibbs. 
Using the black board and charts as props, a 
lecture is given on the usefulness of 
Thevenin's Theorem and how to use it in a 
practical application. 

THIS IS AUTOMATION <■ ' 

.16 'mm/30 min./color/sound/Contact: G.E. 
Defines automation and illustrates industrial 
applications of the principles of automation 
in the manufacture and packaging of a variety 
of products.- * ; 

-TIME AND QUANTITY * .. 

27 min./B&W/1962/Contact: Tektronix - 
Originally presented as part of a television 
prog ran, this film relates oscilloscope 
measurements to other measuring techniques. 

"(THE) TRANSIENT BEHAVIOR OF THE E)IODE" s 

16 mm/19 min./color/sound/Contact: McGraw-Hill 
The application of a square wave voltage 'pulse 
to a diode creates a current pulse of''a com- 
plex form which is difficult to' interpret. 
However, byWilizing the concentration graphs, 
the film .gives an explanation of the transient 
. phenomena that occur. 



(THE) TRANSIENT BEHAVIOR OF" THE TRANSISTOR 

i » 

i6 mm/17 inin«/cblor/sound/Contact:^McGraw^it±ll 
When a itepped- voltage pulse is applied to the 
input of a transistor, .the curve of the output 
current as a function of time will show devi- 

• at ions from the rectangular .form. The rise- 
time *t r and the fall-time t f are discussed with ^ 

. the help of the* concentration graphs, f 
# 

•(THE)* TRANSISTOR • 

16 mmyjL6 min./color/sound/Contact: McGraw-Hill 

• This film explains the working of a p-N-P 
transistor. 

(MODERN) TRANSISTOR FABRICATION* TECHNIQUES 

* 

m 

i6 mm/35 min./color/sound/Contact: Bell Labs 
? % Shows how modern diffused epitaxial transistors, 
developed by Bell Telephone Laboratories , are 
manufactured by Western Electric Company. Shows 
how the technology used to, make' these transistors 
> *is~also used* to majce many other types of trah? 
sisters, and integrated circuits. , Included in 
the film are descriptions of diffusion, the 
photoresist technique* and -other steps and 
. controls r^niired to manufacture these ~ran- ^ 
- sistors. ' t - ' ^ 

(THE) TRANSISTOR STATES 6r OPERATION 

16 mm/19 min. /color/ spund/Contact: McGraw-Hill 
^ The four states of operation of a transistor x 
\ ^that occur in switching applications are examined, 
.ft both junctions are biased in the reverse ^ ^ 
^irec^ion the transistor operates in the "cut- * 
off" state, : \ 

TRANSISTOR STRUCTURE AND TECHNOLOGY 

.38 min'./colSr/Cojrjtact: Coronet ; 

This film begins with a description of how the * 

. alloy junction transistor (PNP)' is made, 1 
followed by a discussion of the limitation of 
its speed and voltage characteristics.^ The 
characteristics of PNlP and NPNN types are 
'dtfs c^sed. fabrication of N£NN transistors 

„ is shown. # 



TRANSISTORS: LOW FREQUENCY AMPLIFIERS 
(MN 8479-d) 

16 mm/15 min./B&W/sound/Contact: U.S.N. 
Shows how transistors are used to amplify low 
frequencies in common base, common emitter, 
and common collector circuits. Explains 
transistor functions for a common base 
-amplifier and; a common emitter amplifier, and 
refined common emitter amplifier circuits. 

TRANSISTORS: MINORITY CARRIERS (MN 8479-c) 

16 mm/10 min # ./B&W/ sound/Con tact: U.S.N. 
Introduces the principles of minority carriers, 
shows hdw they produce a small reverse, cur- 
rent under normal conditions, and demonstrates 
the limitations^ imposed on' transistor behavior 
by minority carriers when the transistor is 
heated or loaded'/ • • 

TRANSISTORS: P-N JUNCTION FUNDAMENTALS - . 
(MN 8479-a) ' ' . . * 

11 min. /B&W/sound/l957/Cpntact : U.S.N. 
Theory and mechanisms of"**emi-conductor diode 
and transistor action. Principles that apply 
to all transistors and junction rectifiers. 

# TRANSISTORS: SERVICING TECHNIQUES (MN 8479-g) 

17 •min./B&W/sound/1960/Contact: U.S.N. ' 
CoAon failures <%uch as opens', shorts, high 
leaxagej^irrenk, low gain and problems in 
J.or;arizing them. ^Demonstrates special ■ 
servicing techniques used -with transistorized 
equipment* ^1 

TRANSISTORS: SWITCHING (MN 8479-f) 

14'min./B&V/sound/1959/C6ntacx;:- U.S.N. . 
Examples of switching, circuits in transistoriz 
ed computers. Concept of 'digital computation, 
and how transistors are used, rfow a simple ' ' 
trans*istoi switch works. • Minority carrier 
storage in base. How. delaying effects o£ 
storage are overcome. 

o 

TRANSISTORS:* TRIODE FUNDAMENTALS 1 (MN 8479-b) % 



TRANSISTORS . PART IV* —PULSE APPLICATIONS V 

, 16 mm/39 min./B&W/l963/TF 11-3051/Contact: U.S.A. 

Features and applications of square, saw-toothed 
'.and spiked pulses; how transistors form various * 
multivibrators'. • • " 

^TRANSISTORS^ HIGH FREQUENCY OPERATION— ? 
~ AMPLIFJERS AND OSClLl^TORS (MN, 8479,-3)* 

16 mm/14 roin^/B&W/sound/Coritact: U.S.N. • 
Describe S/how transistors operate in high fre- 
quency amplifiers and in oscillator circuits; 
shows the influence of .transit effects in the 
base; explains collector capacitance^ and base 
•^resistance on high frequency performance. 



10 min./B&W/sound/19?7/Contact: U.S.N. . 
How junction transistors consist of three 
sections with two P-N junction separating 
them; • Fundamentals of arrangement as 
amplifying device. 

TRANSMISSION LINES 

16 mm/23 min./B&W/sound/Contact; t Tektronix 
This film deals* with some of the basic, funda- 
mentals of transmission lines A considerable 
amount of animation is used to illustrate the 
•manner in which electrical energy is trans- 
mitted along a line. 4 
«% ' . • * 
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TRANSRES I STANCE: A SIMPLIFIED APPROACH TO 
.TRANSISTOR-AMPLIFIER ANALYSIS 
» " I 

23 min./B&W/1966/Contact: Tektronix 
Transre si stance is a new concept of looking at 
transistors that permits rapid estimates of their 
operation in normal amplifier circuits. The 
approach is similar to understanding, mutual . 
conductance in -vacuum-tube circuitry. ^ 

TRANSRES ISTANCE, AN APPROACH TO TRANSISTOR 
AMPLIFIER* ANALYSIS 

Contact": ^Tektronix 

This f ilm is a lecture type picture showing the 
.concept of Trans resistance applied to the de- 
sign and analysis, of transistor amplifiers. 
{ rhis approach makes it easy to determine the 
operating points, the current and the gain 
needed. It is assumed that the viewer has a 
basic understanding of electronics ano tran- 
sistors. \ - 

TTRIODE— PLATE CHARACTERISTICS 

~16 mm/15- $/A min. /B&W/sbun'd/Contact: Tektronix 
A family m of plate-characteristic curves tells 
an electronics 'technician many things about the 
behavior -of a particular vacuum tube. *This film 
discusses the plate curves for a typical triode — 
a' 60J8. , 

r' ' - 

..VECTORS ,(AN INTRODUCTION TO): .COPtANAR 
. CONCUjlRENT FORCES 

16 mm/22 min. /B&W/ sound/Con tact: W.S.U. 
Explains the meaning of scalar and vector 
quantities? -how to .add scalar s and vectors; 
methods .'of vector composition and vector 
resolution; relationship between vector com- 
position and vector resolution; and how vectors 
may be used jto solve engineering problems. 

*. * *"* ■ 

WAVE VELOCITIES, DISPERSION, AND THE OMEGA-BETA 
■ "DIAGRAM (1969) 

28 min (./Contact: Coronet' 

This film considers traveling waves and the way 
,th*ey;propogate tn rough transmission systems. 
It is designed to be used in- connection with 
lectures- on phase velocity," group velocity, 
backward wavesVand dispersion and to show how 
.thege wave characteristics are displayed on the 
omega^beta diagram. Mathematical derivations, 
are assumed. to have been done prior to viewing 
the film, which concentrates on visualization 
of the concepts through animation and experiment. 



WIRE FOR , SOUND 

10 min. or/1962/Contact: & 
Go v behind. the scenes at Western Electric and see 
the complex story of wire production. Starting 
with molten .copper, this award-winning, film 



progresses, through the mill operations, cable 
manufacturing", storage and installation, ^fter 
a few introductory words, the whole story is 
told .by spectacular color photography, accented 
by an exciting musical score. 

YOUR CAREER AS AN ELECTRONICS TECHNICIAN 

27 min.A:olor/$8.25/Contact: u. of I.' 
Discusses appropriate high-school courses for 
the person interested in becoming an elec- 
tronics technician, various ways of obtainin9 ■ 
further training, and the kinds of jobs "open 
to well trained technicians. 



ZONE MELTING 

*> 

16 mm/45 min./color/1959/Contact: Bell 
Describes' a new method of ultra-purifying 
solids and controlling the distribution -of 
impurities for solids. Prepared by William * 
G. Pfann, the inventor. of Zone Melting. 
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ADDRESSES FOR FILM SOURCES 



Autonetics 
Autonetics Division 

North American Rockwell Corporation Film -Library 
Public Relations Department 
3370 Miraloma Avenue 
Anaheim, California 92803 



Bell 

Bel! System Business Office 

(Consult your telephone directory for the office 

* nearest you) 

Bell Labs 

Bell Telephone* Laboratories, Inc. 

Film Library 

Room 1F-108 . "* 

Murray Hill, New Jersey 07^71 

• Bray . - . * 
Bray Studios, Inc. 

729 7th Avenue 
New^York,~New. y 0 rk 10036 



Colburn ft 
Colburn Associates, Inc. 
1215 Washington Avenue 
Wilmette, Illinois * 60091 

"Conn. State Dept. 

Connecticut State Department of Education 
Room 355, Visual Aids' Department 
State Office Building 
Hartford, , Connecticut 06115 

.Coronef 
Coronet Films 
65 E. south Water Street 
Chicago, Illinois 6.0601 



Encyclopedia Britannica 

Encyclopedia Britannica Education Corporation 
425 North Michigan Avenue 
Chicago, Illinois 60611 t, 



G. E. 

General* Electric Company 
1 River Road 

•Schenectady, NeV York 12301 



G.M. \ 

General Motors Corporation 
3044 W. Grand Boulevard 
Detroit, Michigan 48202 



Industrial Ed. 
Industrial Education Films 
196 Nassau Street 
Princeton, New Jersey 09540 



Inc. 



Instrument Society 
Instrument Society of America 
Perm Sheraton Hotel 
530 William Penn Place 
Pittsburg, Pennsylvania 15219 

IBM — N.Y . 

International Business Machines 

Film Activities 

Department of Information 

590 Madfson Avenue. 

New York, New York" 10022 *■ 

IBM— K. 

International Business Machines Corporation 
Film Library 

Department #957 . . - - 

Lexington, Kentucky 40507 



DeVry 

DttVry Technical Institute 
4141 West Belmont 
"Chicago, Illinois 60641 

DU Art ' * 

DU Art Film Laboratories, Inc. 
U. S. Government Film Services 
243 West 55th Street 
~New York, New York 10019 



Education Dev. Center 

Education Development Center 

Film Librarian 

39 Chapel Street 

Newton Massachusetts ' 02160 



Jet Propulsion Lab. 

Jet Propulsion 'Laboratory 

Photographic Services Filn, Library 

4800 Oak Grove Drive 

Pasadena, California 91103 



LeRC 

LeRC ' ' - 

NASA Lewis Research Center 
Office of Educational Services 
21000 Brookpart Road' 
Cleveland, Ohio 44135 
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Mceraw-Kiil t 
McGraw-Hill Book Company . . . "\ 

Text Film Division . *• . Ok 

330 "West 42nd Street. ^ 
New York, New- 7ork 10036 

tyviern Learning Aids 
Modern Learning Aids 
1212 Avenue Of the Americas 
New York, New York 10036 



National Aeronautics and Space Administration 
Headquarters 

"Spde FAIJ " fc 
Washington, o.. C. 20546 

National r^reau Standards 
National Bureau of Standards 

Office of Technical Information and Publications 
Washington, D. C ' ^0234 * 

NCR . 

National Cash. Register Company 

Audio Visual Department 

Marketing Services 

Sugar' Camp 

Dayton, Ohio 45409 

I • , . 

Reynolds 

Reynolds Metals Company 
Motion picture Department 
6603 West Broad Street 
P.' O. Bqx 2346 
Richmond, Virginia 23218 



Tektronix 
Tektronix, lac. 
Film. Library . - 
Delivery Station 50/420 
-P.— O. "Box "500 
Beaverton, Oregon 97005 



U*S,N. 

United Stat6s "Navy 
9th Naval District 
Building 1 

Gveat Lakes, Illinois 60088 
U.S.O.E. 

United States Office of Education 
Washington, D. C. 

V. of I. 

University p£ Illinois 
visual Aids Service 
.Division of University Extension 
Champaign, Illinois 61820 

of Iowa 
University of' Iowa 
Bureau of Audio Visual Instruction 
Extension Division 
Iowa City, Iowa 52240 

U. of M.' 

University of Michigan 
Audio Visual Education Center 
416«— 4th Street 
Ann Arbor, Michigan 



W.S.U. 

Washington State University 
Visual Aids Department 
Pullman, Washington $J9163 

Westinghouse 

Westinghouse Electric Corporation 
Film Division 
No, 3, Gateway Center 
Pittsburg, Pennsylvania 15201 



U,S..A f F/ . < 

United States Air Force 

AF Form 253C - ' , 

USAF Central Audio-Visual Library 

AF Audio-Visual Center 

Norton AFB, California* 92409 

U.S.A. ^ ' * 

•United 'States Army ^ 
Signal Offipes/ Military - 
District of Washington 
-Washington, D. C. 20310 

U.S.A.E.C. 

United States Atomic .Energy Commission 

Sandia Laboratories, Chicago Operations Office. 

Office of Information * 

9800 South Cass Avenue 

Argonne, Illinois 60439 
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SUPER 8 mm FILM LOOPS 



ALTERNATING CURRENT THEORY 

Animated Electronic Films 
P.O.. Box 2026 
Eads Station 

Arlington, Virginia 22202 

JU The Undampened Oscillation 

2. The Dampened Oscillation 

3. The RC Titte Constant 

4. The RL fine. Constant 

5. Series RL fcircuits 

6. Series RC Circuits" 

7. Series >RLC Circuits, Part I 

8. Series RLC Circuits, Part 2 

9. Parallel RL Circuits 

10. Parallel RC Circuits 

11. Parallel RLC Circuits 

12. Parallel • LC Xircuitc 

1?. Basic Transformer Action 

BASIC ELECTRICITY 

Animated Electronic Films 
P. 0. Box 2026 
Eads Station 

Arlington, Virginia 22202 

1. Resistors in Series 

* 2. R'eslstofs in Parallel- 

3. * Capacitor Construction and Actions 

4. Inductance Principles 

5. Inductor Construction and Actions 
6.. The RL Time Constant 

7. The Undampened Oscillation 

8. The Dampened Oscillation 

9. The RC Time Constant 

CALCULUS 

* harper 5 Row* Audi ovi sua Is 
2350 Virginia Ayenue 
Hagerstown, Maryland 21740 

1. Taylor Series I 

2. Taylor Series II 

3. Newton's Method 

4. . Mean Value Theorems 
5/ Conic Sections 



6. Conic Sections: Ellipse 

7. Conic Sections; Hyperbola 

8. Conic Sections': Parabols- 

9. Indeterminate F.oras . 

1 

10. Th« Function of x n sin (£) 



ELECTRQMAGNETISM 

Sales Promotion Department , 
Ealing Fila Loops * *' "\ 

2225»Massachusetts Avenue 
• Cambridge, Massachusetts ■ 02140 

and also available from 

Harper $ Row Audiovisuals- 
2350 Virginia Avenue 
Hagerstown, Maryland 21740 ** 

I. The-foaghetic .Field v * 
2- Monopole£ and pipoles 

3. The Field fro* a Steady Current 

4. Uniform arid none-Uniform Fields 
3. The Field as a Vector * 

6. ' Field-vs-Current 

7. Field-vs-Distance 

8. Field: The Force on a Current 

9. Meters . 
- 10. M6tors 

II, The -Concept of Changing Flux 
, 12. Faradfcy's Law" of Induction 

ELECTROSTATICS* 

Syracuse University 
L. C. Smith College of Engineering 
Syracuse, New .York 13210 
ATTENTION; W.R. LePage, Chairman 

♦Regular 8mm Loops \ 

1. Electric Charge 

2. " Transfer and Distribution of Charge 

3. Coulomb's Law - Variation of Force 
with Charge 

4... Coulomb's* Law - Variation of Force 
with Distance 

5. ..Exercise Problems 
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Sales Promotion Department 
Ealing. Film Loops 
2225, Massachusetts Avenue 
Cambridge, Massachusetts 02140 

also available from 

<* 

Harper § Row Audiovisuals 

23$0 Virginia Avenue 

Hag ers town, Maryland 21740 

1. Introduction 16 Electrostatics 

2 . Insulators and. Conductors 

3. Electrostatic Induction 

4. The Electroscope 

*S. Charge Distribution: 

• The Faraday lee. Pail Experiment' 
>,6. Charge Distribution: 

-Concentration and Point Discharge 

* ■ 

7* The Van de Graaf Generator 
8«_ The^Photoelectfic Effect 

9, Capacitors and Dielectrics 

10, Problems in Electrostatics 



THE SLIDE RULE 

University of Iowa- . 
Bureau of Audio Visual Instruction 
Extension Division 
a .Iowa City, Iowa 52240 

also available from * " m 

.. Sales Promotion -Department . 
Ealing Film Loops 
2225 Massachusetts Avenue 
Cambridge, Massachusetts 02140 

* and. 

Harper § 4*ow Audiovisuals ■ 
2350 Virginia Avenue 
Hagerstown, Maryland 21740 

.1. Why It Works ^ 

2. Reading and^Handling 

3.. Multiplication, C.§ D Scales 

4. Division, C \ ty Scales - • 

- 5". C I Scale 

6. Squares, Cubes, and Roots 

o 

7 . Two-Digit Practice 

8. - Three-Digit Practice 



TRANSISTOR CIRCUITS 

Animated Electric Films 
P. 0. Box 2026 
Eads Station 

Arlington^ Virginia 22202 

Transistor Characteristic Curves 

2. Audio Voltage Amplifier 

3. Direct. Coupled Amplifier. 

4. Free Running Multivibrator 

5. Tuned Collector Oscillator * 



TUBE CIRCUITS 

Animated Electronic Films 
m P. 0. Box, 2026 
Eads ,Sta?ion 
. Arlington, VjHiXfa 22202 



026 ^m* 



U Diode -Detecjor 
2.* Full Wave Rectifier Rower Supply 
Tickler Coil Oscillator . 
Triode D.C. Load Line 
Triode Transfer Characteristics 



3. 
4. 
5. 
6. 
7. 
£. 
9. 



TrioAe Plate Characteristics 
Triode Transconductance (Linear) 



Triode Transconductance (Non-Linear) 
Triode Amplification Factor (Linear). 
10*. Triode Amplification Factor (Non-Linear) 

11. Triode Plate Resistance (Linear) — - 0 

12. Triode Plate Resistance (Non-Linear) 
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APPENDIX C 
SUGGESTED TEXTS AND' BIBLIOGRAPHY 



StcvuUnQ on tkz oppobitz page, I* a ttiting otf buQQtetzd 
textbook* and te^eAence* fax tha technical «c0ot6e<r oh an El&c- 
frionicA Technology Cunn^cvdbxm. The addUiU6U OjJ tixt publu>heM 
coit ptiutyvtud at tha end otf tkJU Ititivig. Th^ZMt station o( ( 
this Appendix. C contain* a bibliography. , - / : 



\ 



v 



V 
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SUGGESTED TEXJS AND REFERENCES 



Included in this Appendix section are suggested text and- refer- 
ences for circuit "analysis area, » electronics area, handbooks, mathe- 
matics, and physics. This list is by no nr ans inclusive but rather 
a representation of those available for electronics technology at the 
time of this report. - 

Rather than repeating the addresses of publishers each time, a 
complete last is presented at the end of "this section. 



CIRCUIT ANALYSIS 



Babb, D.S. , Resistive Circuits ,^ International 
. Textbook^o. , 1968. - f »* 

Balabahian, Norman, Fundamentals of Circuit 
Theory , Aliyn and Bacon, "Inc., 1964. 

Balabaniah, Norman 5 Bickart, Theodore, Elec- 
trical Network Theory , John Wiley S Sons, 
1969. 

Boylestifti, Robert Introductory Circuit Analysis 
CJiarles E. Merrill, 1968. _^ 

Carter^ Robert C, Introduction to Electrical ' 
Circuit Analysis , Holt, Rinehart, S Winston 
1966. 



Close, f Charles M., The/tnalysis of Liire 
cuits , 'Harcourt, 

Cutler, Phillip, Outl\ 



if 5 World, 1966 
for DC Circuit Analysis, 



McGraw-Hill, 1968. 

Cutler, Phillip, and Hoover^iterdy , Electronic 
Circuit 'Analysis: Passive Networks , McGraw- 
Hill, 1960. 

Edminister, Jps£ph, Electric Circu&s , ' Shaum' s 
QujjUne , ; McGraw-H ill, 1965. 

Fishe, K.A. & Harter, J., Direct Current Circuit 
Analysis Through Experimentation, 
Education Press, 1966.- 

Friedland*, B.,MVing, Q, and Ash, P., Princi? 
of Linear Networks, McGraw-Hill, 1961. 



Jensen, R. and Liberman, M. , IBM Electronic Cir- 
cuit Analysis* Program , Prentice-Hall, .1968. 

Leach, Donald, Basic Electric Circuits , John 
^ Wiley $ Sons, Inc., 1969.. * 

*Mandl, MatthewT^ Fundamentals of Electric 
and Electronic Circuits , Prentice-Hall, 
1969. 



Romanowitz, H. Alex* Electrical Fundamentals 
and Circuit-Analysis ,-John-Wiley~S~Sons~, 
Inc., 1966. 




Romanowitz^ M. Alex-, Introduction to Electric 
Circuits, John Wiley $ Sons, 1971. 



1, Murray, LaPlace Transforms, Schaum's 
tline, McGraw-Hill, -1965. 



Stanley ,W. ^ Transform Circuit Analysis- for ■ 
■ Engineering and Technolog y,, Prentice- 
Hall, 1968. ; m 

Strum, Robert and Ward, John, LaPlace 
Transform Solution of Differential 
Equations , Prentice-Hall, 1968. 

Temes, Lloyd, Electronic Circuits for 
Technicians , McGraw-Hill, 1970. 

Van Valkenburg, M. , Network Analysis , Prentice- 
Hall, 196S. 

Zeines, Ben, Introduction to Netork Analysis , * 
Prentice-Hall, 1967. 



Jackson, H. W., Introduction to Electric Cir- 
cuits, Prentice-Hall, 1970. 
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ELECTRQHKS 



Angelo, E.J., Electronic Circuits , McGraw-Hill, 
1964. 

Angelo, James., ETectronics: BJT f s, FET f s and 
• Microcircuits , McGraw-Hill, 1969. 

Babb, Daniel S., - Pulse Circuits: -Switching ancU - 
. Shaping , Prentice-Hall, 1964. . 

♦Bartee^- Thomas C, Digital' Computer Fundamentals , 
McGraw-Hill, 1966. 



Benedict, R., Electronics For Engineers and 
; Scientists ,. Prentice-Hall; 1967. ' m * 

„ Branson, Lane, Introduction To -Electronics , 
i Print ice^Hall, 1967- 

Brazee, James, Semiconductor and Tube Electronics ^' 
" Holt," Rinehart, S'Winston, 1968. 

Bryan, G.T. , Control Systems for Technicians , 
Hart-Publishing Company, 1967. *■ 

Chow, Woo F\ Principles of Tunnel Diode Circuits , 
John Wiley $ Sons, 1964. \ • 

Cowles, Laurence G . , Transistor Circuits_and_ 

- ApplicationsT ^ rent ice-Hal 1 , 1968. 

Cutler," Phi Hip, Semiconductor Circuit Analysis , 
McGraw-Hill, 1964. 

Cutler, Phillip, Electronic Circuit Analysis, 
' Volum e 2-Active. Networks. McGraw?Hill,- 1967. 

Doyle, John^M-, Pulse Fundamentals , Prentice-ilall , 
\ „ 1963. 



derrick, Clyde-, Introduction to Electronic 
Communications , Charles E. Merrill, 1969. 

Hibberd, fc. G. Integrated CiiguUsj A Basic 

- Course for Engineers and* ifehnicians 
. .. McGraw-Hill., 19,69. \ . N^/A 

Jensen,- Randall 5 Liberman, Mark, IBM Elec- 
tronic Circuit Analysis Program' , Prentice- 
Hall, 1968. ; ~ ■ 

Keonjian, Edward, Microelectronics:- Theory, , 
* Design, and Fabrication , McGraw-Hill, 
1963. - 

Khambata, A.J., Introduction to Integrated 
Semiconductors , John Wiley 5 Sons, 1963. 

ftdfcell, Walter M., Electrical Instruments 5 
^Measurements, McGraw-Hill, 1969. 



Doyle, Jofrn, Thin-Film ^nd Semiconductor — 
". Integrated Circuitry, McGraw-Hill, 1966. 
t - , •* ^ „ , *• 
Dur ling, Alien E., An Introduction to Electrical 
. Engineering , The Macmillan Company, 1969. 

Evans, Waiter, Introduction to Electronics , 
r* Prentice-Hal 1", 1962. 

4' 

Freedman, Ri'ce, 5 McGinty, Basic Electronic 
"Autotest" , Prentice-Hall, 1965. 

Gillie, Angelo C, Pulse and Logic Circuitry- , 
• McGraw-Hill, 1968. . 

Gray, Paul 5 Searle, Campbell, Electronic 

Principles-Physics, Models, and Circuits , 
John Wiley 5 Sons, ^1969. 

Harris, Gray, 5 Searle, Digital Transistor Cir- 
cuits , John Wi'ey-S Sons, 1966. 

derrick, Clyde, Unified Concepts of Electronics , 
Prentice-Hall, 1970. 



Leach, Donald-, Transistor Circuit Measurements , 
. McGraw-Hill, 1968. 

Lenert, Louis, Semiconductor Physics, Devices , 
and- Circuits , Charles E., Merrill i'ubl,. Co." 
1968. o .... - 



. Levine, Sumner N. , Principles of Solid State 
Microelectronics , Holt, Rinehart-, $ 
Winston, 1964. 

Levin, Herman, ' 'introduction to Computer 

Analysis: ECAP For Scientist and Engineers , 
Prentice-Hall, 1970. 

Littaiier, Raphael, Pulse Electronics , McGraw- 
" ■ Hill, 1965. . 

Lowenberg, Edwin, Electronic Circuits 

Sch aum f s Outline, McGraw-Hill, 1967." - 

Lurch, E.N.", Fundamentals of Electronics , 
John Wiley^Sons, 1966. 

Malvino, Albert, Electronic Instrumentation , 
Fundamentals , McGraw-Hill, 1967. 

Malvino, Albert P., Transistor Circuit 
Approximations , McGraw-HiH. 1968. 

Malvino, Albert S Leach, Donald, Drgitai 
Principles and Applications , McGraw- 
. Hill, 1969. 

Manasse, Akins $ Gray, Modem Transistor 

Electronics Analysis 5 Design , Prentice- 
Hall, 1967. 

Marcus, Abraham, Electronics For Technicians , 
Prentice-Hall, 1969. 
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Mitchell, Brinton, Semiconductor Pulse Circuits 
with Experiments , Holt, Rinehart 5 Wi ston, 
1967.- ' . 

V: (X 
Millman, Jacob 5 Taub, Herbert* Pulse, Digital 
. and Switching ♦Waveforms , McGraw-Hill, 1965. 

Millman, Jacob 5 Holkias, Christos , Electronic 
Devices ffnd-.Circuits , McGraw-Hill , 1967.- 



New. York, Institute of Technology, A Programmed 

C ourse in Basic .Elettrortics? -McGraw-Hill , 
- 1964, 

New York Institute of „ Techno logy, A Programmed 
Course in Basic Transistors, McGraw-Hill , 
1964. 

Oppenheimer, Samuel, Semiconductor Logic g • 

Swi t ch trig Ci rcui t s , Charles E. Merrill Publ. 
Co., 2966.. - ' 

Riddle,* R.L. 5 Ristenbatt, M. , Transistor 

Physics and Circuits" , Prentice-Hail, 1966. 

RomanowitZi H.. Alex, and Puckett, Russell, 

Introduction to Electronics , John Wiley 5 
; v Sons, 1968. - : 



Ryder, John D., Electronic^undameritals and 
Applications , Prentice-Hall , ,1970. - 

Schuster", Donald, Basic Electronic Test m 
Equipment*: Programmed Introduction , 
McGraw.-Jlili; 1968. 

Stanton, William A. , Pulse Technology , John- 
Wiley 5 Sons, 1964. ' * 

Summer, Steven, Electronic Sensing Controls , 
Chilton Book Co., 1969.- 

Texas Instruments, Transistor Circuit Design^ 
McGraw-Hill*, 1965. 

Tocc'i, Ronald, Fundamentals of Electronic 
Ddvices , Charles E. Merrill Publ. Co., 
1970. *-\^ - 

Turner, James* Digital Computer Analysis , 
• Charles E. Merrill Publ, Co., 1968. ^ 

Wi4cox, Glade, Electronics. For Engineering 
- Technology , Allyn 5 Bacon,. 1969. 

Zeines, Ben, Electronic Communications 
Systems , Prentice-Hall, 1970: 



PROGRAMME!? TEXTBOOKS 



DunnTWaVter L., Introduction to. Digital Computer 
Problems Using Fortran IV: A Self-Instruction 
> al Programmed Text , .McGraw-Hill, 1969-. 

Eng lander, Herman 5 Saxon, James, The * Slide 

Ruie: A Self-Instructional Programmed Manual , 
Prentice-Hall, 1966.. 

Farina, Mario V., Fortran IV S*elf-Taught , 
Prentice-Hall, 1966. . 

Federal Electric Corp., Mathematics For Elec- 
tronics: A Self-Instructional Programmed 

>t ■ Manual , Prentice-Hall , 1965. ' - 

— # 

Federal. Electric- Corp. , Special Purpose Trans is- 
tors:, A Self- Instructional Programmed 

" Manual^, Prentice-Hall, 1966. 

— — . * 

Hauck, ' W. "and Reigh, M., Brief Algebra -.Review 
Manual: A Program for Self- Instruction , 
McGraw-Hill, 1966. 

Hoernes,. G. and HeilweiJ, M. , Introduction to 
Boolean Algebra and Logic Design- A Program 
for Self-Irstruction , McGraw-Hill, 1964. , 

0 

Mittelstadt, W.S. , Basic Slide" Rule Operation , 
A Program for Self-Instruction, McGraw- 
Hill", .1964. r y - 



New York InstituT of Technology, A Pro- 
grammed Course in Basic Electricity , 
McGraw-Hill, 11170. - 
• V.^ * - » 

New 3fork institute of Technology, A Pro- 
g rammed Course in Basic Transistors , 
McGraw-Hill, 1954. . . _ 

New York Institute of Technology, A Pro- 
grammed Course in Basic Electronics , 
McGraw-Hill, 1964. 

New York Institute of Technology, Algebra 
and Trigonometry : A Programmed Course 
with Applications , McGraw-Hill, 1970. 

Philco Technological Center, Electronic 
. Trouble-shooting:- A Self-Instructional' 
Programmed Manual , Prentice-Hall ,1966. 

RCA Institute, Basic Electronics "AutQtest 11 - , 
A Programmed Cour:>e in Circuits , Prentice- 
Hall, 1965. 

RCA Service Company, fundamentals of 

Transistors: A Programmed Text, Prentice- 
Hall, 1966 

Selby, Peter, Logarithms Self-Taught (Programmed) 
McGraw-Hill, 1964. 



Striun, Robert 5 Ward, John, The Signal- Flow 
Graph In- Linear Systems Analysis: A 
Programmed Text ^ Prentice-Hall , 1968. * 

Strum, Robert 6 Ward, John", LaPlace Transform 
Solution of Differential Equations 
Programmed" Text , Prentice-Hal 1 , 1968. 

Tektronix 4 , Analysis ; of Passive Networks , 

* * Volume 1: DC Equivalent Circuits 
• Volume'-^ AC .Theory. 
Volume* 3: Integrators 



Volume 4: Differentiators _ 
Volume 5: Network Applications, - 

Tektronix,. Semiconductor Diodes and 
Transistors , - 
Volume 1: Basic$ 

Volume 2: Diode Devices , 
Volume 3: Transistors 
Volume 4: Circuits I 
Volume 5:* Circuits II 

Volume 6: Reference -for Volumes 1, 2 and 3 
Volume 7: Reference for Volumes 4 and 5 



HANDBOOKS. 



Arnold, J., The Complex * Slide Rule Handbook: 
Principles and Applications , Prentice-Hall, 
1962; 

- • * - ,» 1 . r 

Bukstei&, Edward, Industrial Electronic Circuits 
Handbook ,' Howard W. Saras, 1963. 

Carroll', John, Design Manual for .Transistor 
, Circuits, McGraw-Hill, 1961. 



CRC* Standard -Mathematical Tables , Chemical 
" Rubber Publishing Company, 1968. * , 

Instrument Engineers Handbook , Volume. I § Hi. , 
•Chilton, 1970. 

.International* Telephone and. Telegraph Corp/, 

Reference Data for Radio Engineers , American 
/ Book-Stratford Press Incorporated, 1967* 

. Korn, Gramino, Basic Tables in Electrical 
Engineering , McGraw-Hill , 1964 * 

Lenk-, John D. , Handbook of Oscilloscopes: Theory 
* and Application , Prentice-Hall, 1968 N . 

Lenk, John Q. , Practical Semiconductor Data 
Book, for Electronic Engineers and ; 
Technicians, McGraw-Hill, 1969. * m 

Lenk, John- D. Handbook of Practical Electronic 
TestsXand Measurements, Prentice-Hall, 1969-. 



Lenk, John D. , Handbook of Electronic Charts , 
" Graphs, and Tables , Prentice-Hall, 1970. 

Mandi, Matthew, Directory of Electronic 
Circuits .with a Glossary of. Terms , 
McGraw-Hill, 1966. 

Norton, Harry, Handbook of Transducers 

for Electronic Measuring Systems ; 
Prent-ice-HaM-T-1969^ — " 



Pullen, Keats, Handbook'of Transistor 
Circuit Desljn> Prentice-Hall, 1961- 

Thomas, Harry, Handbook of Pulse Digital 
Devices , Prentice-Hall, 1970. ~ 

Thomas, Harry,. Handbook 'for Electronic 

Technicians and Technicians , Prentice- 
Hall', 1965. . 

' *. 

Thomas, Harry, ffandbook 6f Transistors , ' 
. Semiconductors, Instruments and Micro - 
electronics, McGraw-Hill, 19b8. 



Thomas, Harry and Clarke, Carole, Handbook 
of Electronic Instrum en ts and 
Measurement Techniques , Frentice- 
Hall, 1967. 

Turner, Rufus, Diode Circuits Handbook 
Howard W. Sams, 1963. - 



MATHEMATICS 



Adams, L.J., A pplied Calculus , John Wiley 

6 Spns, 1963. N • - 

,AmramoWitz, Milton, Handbook of Mathematical 
Functions , U.S. Government Printing Office, 
1965. 

Andrews, Allan, Practice Problems in Electronics 
Calculations, Howard W. Sams and Co:, Inc. 
1964. • • 



Andrews, Allaii, Electronics Math Simplified, 
Vol. I , Howard W. Sams and Company, Inc., 
1964. 

Andrews, Allan, Electronics Math SippUfied , 
Vol. II , Howard W. '* ms and Company, Inc., 
1964. 
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. Andris, Paul G. , Miser, Hugh J., Reingold, 

Haim> Basic Mathematics for Science and_ 
- 'Engineering , John Wilev $ Sons, 1965. 

Blake ly, Walter, Calculus for Engineering 
Technology , John Wiley 5 Sons, 1968. 

Caintf, Edward, Mathematics for Applied- 
Engineering , Prentice-Hall, 1967. 

Cooke: Nelson; Basic Mathematics for 
Electronics , McGraw-Hill, 1970. 

Crowhurst,' Norman H., Mathematics for 

Electronics Engineers and Technicians , 
Howard W. ,Sams and Co.,' 1964. , . 

* " 

Dodes, Irving, I.B.M, . 1620 Programming for 

Science and Mathematics , Hay den Book Co., 
1963. ' ^ 

\ * ■* 

Evens, Paul L. , Mathematics for Electronics. 
"Technicians , John Wiley and Sons, 1966. 

Gillie, A. C. . Binary Arithmetic and Boolean 
Algebra , McGraw-Hill; 1965. 



"Heffick, Clyde, Mathematics For Electronics , 
Charles^.. Merrill, 1967. ; 

I.T.T. Federal Electric Corporation, Mathe- . , 
matics for Electronics , Prentice-Hall, 
1965. 

Juszli, Frank, Analytic Geometry and Calculus , 
Prentice-Hall, I960.. 

Juszli,. Frank, 5 Roger, Charles Jr., * ' « 

Elementary Technical Mathematics , • ^ 
• • Prentice-Hall; 1969.^ ^ 

Juszli, Mahler, 5 Reid, Basic Mathematics N 
For. Electronics , Prentice-Hall, 1967. 

Lytel, Allen, Calculus for. Electronics 

- Tec hnicians , D. Van Nostrand Co., 1964. 

5', \ 



Maidel,, George F., B asic Mathematics for 
.. Television and Radio , Prentice-Hall, 
1953. ; * 

Paul, Richard 5 Sh'aenel, Leonard, 

Contemporary Technical Mathematics 
With Calculus , Prentice-Hal L, 1970; 

Paul 1, .Stephen," Topics in Advanced 

Mathematics"?^ Electronics Technology , 
John Wiley $ Sons, .1966. 

Person, R. B. ,• Element's of Mathematics , . 
John Wiity $Sons; 1966. 

Placek, R.tJ. Technical Mathematics with 
Calculus , Prentice-Hall, 1967. 

Rice, Haroljl-S.,' 5 Knight," Raymond M,, 

Technical Mathematics with Calculus, 
McGraw-Hill, 1966. 

Rice, Harold A. , TechnicaTMathtmatics; 

Exercises, Problems, Diagrams, Tables , 
McGraw-Hill, 1963V 



Scade, Samuel', Mathematics for Technical 
andTVocaTional Schools, John~WiTey~ 



$ Sops, 1965'.. . . : 

Shere, War is "and Love, Gordon", Applied 

Mathematics for Engineering and Science , 
Prentice-Hall, 1969. 

Siriger, Bertrand B., Basic Mathematics, 
for Electricity- and Electronics , 
McGraw-Hill, 1965. 

Washington, Allyn J., Basic Technical,, 
. . Mathematics with Calculus , Addjisoh- 
Wes ley_Co . ;.„1964 .... _ . _ 



Wolfi 0. and Lattner,.C. G., Mathematics 
for Electronics , .ITT Federal Electric" 
. Corp., Prentice-Hall, Inc. , 1965. 

vtf est lake, John $ Noden, Gordon-, Applied 

Mathematics for Electronics , Prentice- . 
Hall, 1968. 



Beiser, Arthur, Concepts of Modern Physics , 
McGraw-Hill 

Benumof, Reuben, Concepts in Physics , Prentice- 
Hall 

« 

Companion, Audrey L. , Chemical Bonding , McGraw- 
Hill 

Division of Technical and Vocational Education, 
Instrumentation Technology , (0E-80033) 
U.S.O.E. \ 

\ 

Duquesne, Maurice, Matter and Antimatter , 
Harper and Bros*, 



PHVSKS 

Feynmann, Leighton and Sands, Fehnmann 
Lectures on Physics, Addison-Wesley . 

Ford, Kenneth W\ , The World of Elementary 
Particles, Ch> 3, Blaisdell Publishing. 

Gottlieb', Barbuny and Emmerich, Seven 

States of Matter , Walker Publishing.. 

Gray and Coutts, Man and His Physical World' , 
4th Ed., D. Van Nostrand" Co. , Inc. 

Halliday and Resnick, Physics, Part I, Part 
II, 2nd Ed., John Wiley $ Sons, Inc. • 




. > 



Hamwell arid L'egge, Pnysics: Matter , Energy 
and'the Universe , Reinhold Publishing Co. 

Holton and holler, Foundations of Modem" ' 
Physical Science. Addison-Wesley , 

Hook e , Robert, Introduction to Scientific 
Inference , Holden-Day,, Inc. 

Joseph, Ppmeran2, Princei.and Sacher, Physics 
for Engineering Technology , John Wiley 
§ Sons"/' Inc. / < 

-Kaempffer, The. Elements i of Physics, Blaisdell 
Publishing Co. . / 

Mel i sis inos ,^LAdr i an * C . , * Experiments in Modern , 
_ . -- Physics , Acaderaicf.Press , Inc. • ! " 

Michels, Correll , and ^Patterson, Foundations 
of Physics , D. Van Nostrand Company. . 

.PUBLISHERS APPRESSES ■ 

Academic Press 
.lis . 5th Avenue 
New York. New York" J 10003 



Addison-Wesley Publishing Co., Inc. 
. Reading, Mass. 01867 

' " - i - • 

Allyn S.Bacon, Inc.) 
Rockleigh, New Jersey 07647 

"American Book-Stratford Press Incorporated 
55 F.ifth Avenue J 
•New- York; New York 10003 

Blaisdell Publishing to. 
275 Wymari Street " 
Waltham, Mass: 02154. 

* " s 
Charles E. Merrill publishing Co. 
1300 .Alum Creek Drive 
Columbus, Ohio 432J6. 

Chemical Rubber Publishing Co. 
221 Park Avenue.'South 

New York, New York " 10003 . 9 

Chilton • \ 

401 Walnut Street . 
Philadelphia, Pennsylvania 19106 

Doubled ay and Company, Inc. 

501 Frank lin Avenue t 

Garden Xity, New York 11531 

D. Van Nostrand Co.,* Inc. 
120 Alexander Street 
Princeton, Nek- Jersey 08540 



Pierce, John R., Quantim Electronics , Double- 
day and Co . " • - " 

Rense, William A., Physical Science , ' Blais- 
dell* Publishing Co. - 

Rosen » Siegfried and Dennison-, Concepts in 
Physicsl Science , Harper and Row. 

Sears and Zemansky , University Physics , * 
Addison-Wesley Publishing ompany. 

Smith and Cooper, Elements of Physics , 
McGraw-Hill Book Co. 

Stevenson, and Moorey Theory of Physics , 

McGraw-Hill Book Co, c »■ . I 

Towrie', Dudley H., Wave Phenomena , Addi- 
sonTWesley Publishing Company, 

'Harper & Row, • * ' 

49 E - 33rd Street "* 
New York, New York 10016 

Hayden Book^Cq;. 
11*6 W/ 14th Street 
-~ New York^ New , York 10011 V 

Holden-Day, Inc.. « 
500 Sansarae Street 
San Francisco," California 94111 f 

Holt, 'Rinehart, 6 Winston 

383 Madison Avenue 

New York, 'New York 10017 

Howard W. Sams fi'Co., Inc. 
4300 West 62nd Street 
Indianapolis, Indiana 46268 

International Textbook Company 
Scranton, Pennsylvania 18515 

John Wiley 6 Sons 
v 605 Third Avenue 6 
New York,. New York, 10016. e " « 

McGraw-Hill Book Co, 
330 West 42nd Street 
New York, New York 10036 

Prentice-Hall Book Co, * 
■ Englewood Cliffs, New Jersey 07632 • • 

Reinhbld Publishing Corp. 

430 park Avenue 

New York, New York 10022 • 

Technical Education Press 
P. O.'Box 342 

Seal Beach, California 90740 



.Harcourt, Brace and World, Inc. 
757 Third Avenue 
New York, New York 10017 



The Macmillan Company 

866 Third Avenue 

New York, New York 10022 



Harper 6 Brothers 

New York, New. York 10017 



WaUcer Publishing Co. 
New York, New York 



394 



SELECTED BIBLIOGRAPHY 



The following references have been *e^cted from the 
" many books, articles, anjf papers' that have been consulted 
* throughout the project "activities . Many other references 
have been listed in the body. of the report and* -in the sec- 
tion of suggested references and 'textbooks . \ • 



"ATpert; D. and Bitzer, D. L\ "Advances in 
Computer-based Education. M Science . 
March 29, 1970. 

Bacon,' C. and Re id, K. Jr. "Audio-Tape Tutorial 
, Methods in Introductory Engineering 'Systems. 11 
^ Presented at annual meeting of Americans- 
Society for Engineering Education, Pennsyl- 
, vania State University, University Park, 
Pa., June 23-26,- 1969. , * 

Bitzer, D., Blomme, R. , Sherwood/ B. , and 

Tenczar, P. "The Plato System and Science 
Education." Urbana, Illinois: Computer- 
based Education Research Laboratory, 
University of Illinois (August-, 1970)^ 

Bitzer-, D. and Skaperdas, D. The Design of an 
Economically Viable Large-Scale Computer 
Based Education System . Urbana/ Illinois: 
Computer-based Education Research Labora- 
tory, University of Illinois {August, 1970). 

Bowen, Charles R. "Technical Manpower-- 

America^ Critical Resource." Presented? 
at ATEA Regional Conference, Troy, New York, 
October 24 ; 1969. 

Commission on Education of the National Academy 
of Engineering. ( Report of the instructional 
Technology Committee. Educational Tech- 
nology in Higher Education: The Promises 
and Limitations of I TV and CAI . ™~ 
Washington, D.C. (September, 1969). 

Computers in .Undergraduate Education: Mathe- 
matics, Physics, Statistics, and Chemistry . 
Proceedings of a conference sponsored by • 
the National Science Foundation, University - 
of Maryland, College Park, Maryland, 
December, 1967. 

Creative Teaching . 3 M Company, Visual Products 
! Division. St. Paul, Minnesota: 3-M 
Education Press, 1966. 

Dickson, William G. *!Planning Curriculum 
" Materials: A Publisher's Viewpoint." 
American Vocational Journal , (March, 1967). 

Educational Media in Vocational and Technical 

Education. A report of a National Seminar . 
of the Center for Research and Leadership 
Development in Vocational and Technical 
Education, 1967. 



of the . Center for- Research and Leadership 
Development in Vocational ^nd Technical 
Education, 1967. \ 

Electronic Power Technology - A Suggested 
, Two-Year Post-High School Program, ... 
sponsored by the Illinois Board of Voca- 
tional Education and the" University of 
Illinois, Engineering technology Series 
No. 5," 1970. 

Electronics Technology - A Suggested Two-- 

Year Post -High School Program , sponsored' 
*by the Illinois. Board of Vocational Edu- 
cation and t^e University of Illinois, 
Engineering Technology- Series No. 2., 1964. 

• ^ • 

Electronics Technology - A Suggested TWo- 

Year Post-High School Six-Quarter Program , 
sponsored .by-, the-lllinois Board of Voca- 
tional .Education" and the University of. 
Illinois, Engineering Technology Series m 
No,. 3, 1967V . 

Engineering Manpower Commission. Engineers 
Joint Council*. Salaries of Engineering 
^ Technicians . New York, N-Y., (March 1970) . 

Experimentation with Computer- Assisted In- 
struction in Technical Education ? Semi- 
annual Progress Report of the Computer 
Assisted. Instruction Laboratory, The 
Pennsylvania State University, University 
Park, Pa., June 30, 1967. 

"Factors to Consider in Planning Technical 
Education Facilities." Industrial Arts 
and Vocational Education— Technical Edu- 
cation Supplement , Vol. S9, No. 3 t 
March, 1970. • 

' A Follow-Up Study of Five Summer Institutes 
* for Engineering Technology Teachers . 
J. S.' Dobrovolny and T. C. Hartley, De- 
partment of General Engineering, * 
University of Illinois, Urbana, Illinois, 
August, 1968. 

A Guide for Wiley Authors in the Preparation of 
Auto-Instructional Programs . 3rd. ed*. New 
York, N.Y.: John Wiley, a Sons, 1967. 



"How to Prepare an Audio-Tutorial^ Lesson." 
% Presented *X Effective Teaching Institute 
* for Engineering TeacherSj^Puj^wL^^ 
*"* Lafayette,' Indiana,- OctoSeFTl, -1969. 

* 5 • 

Koen, Billy' V. "Self-Paced Instruction for 

" Engineering Students." Engineering Edur * Q 
cation^ (Marcfi, 19>D^ . > 



Lindenlaub, John'C^ ."Audio-Tutorial Instruc- 
tion-:What, Why, and How?" Engineering 
* 0 Education , .(March", -1970^. v *7 

-.McGrawV James L. "The Bachelor of Technology--. 
~A Technical Manpower Solution." 'Presented* 
at American Power Conference", Chicago, , 
' *mT5wis, . April 22, 1970. . . * ' " 

■ - • % v 

Mager, Robert, F. - Preparing Objectives for 
* Programmed Instruction ,, Palp Alto, 
California: Fearon Publishers. 

"Mathematics ;Tf or Th'e Majority; A System of 
.Instruction for Technical Mathematics." r 
. 'mAtc* Mathematics^ Project,* Milwaukee Area 
technical "Col lege, Mi Iwaukee, v Wisconsin . 
• . / 

Milveny, John. "Appraising Oscilloscope Speci- 
fications and Performance." Electrical 
Design, News , (February, 1969). »/ . 

^ • • ' ' y Xc 

}P#\z Need for*. Articulation of Two- and Foifr-Year 
Technical Training Programs,". Science 
Education News , December, 1968. ■ 

Novak, JosepluD. "Problems* and Pitfalls in 
Audio-Tutorial Methods,"". Presented at 
Effective Teaching Institute for Engineering 
Teachers,.. Purdue University, Lafayette", 
. ^Indiana, October 31, 1969. 

♦ , i 

Perlberg, Arye, and 0 f Bryant, David. J,-,The Use 

of Video-Tape Recording and Micro -Teaching , 
Techniques to Improve Instruction on the 
Higher Education Level." University of 
Illinois, Urtiana, Illinois. 

"Proceedings... National Clinic on Technical Edu- 
cation." Sponsored by American Technical 
Education Association and USOE,- Miami 
Beach, Florida, April 22-24, 1970. 

Producing Slides and Filmstrips. 3rd. ed., 

2nd printing, Eastman Kodak Company,. 1969. 

Schoenhals, Neil L.\ "The A-V Hardware is Here 
v \ ...But Where's the A-V Software?" Indus- 
trial. Arts and' Vocational Education (June, 
f ' 1969), 



^Science BaSed Technical Education in the * 
American Educational System.", .Jerry 
*S. Dobrovplny, Delivered at the^Symposi&* 
on Science. Education. As It» Rel'ates to 
Technical Education i Dal la^ Texas, , ' 
D'cccmb'er 29, 1968. 
*i • . - ' * • 

"Science- Based Technical Education In the 1 
, < t American Educational System," Science * 
Education as it Relates to Technical 
Education . AAAS M*sc>/Pub. 69-5, May • 
1969,/ \ * " » 

. . m " ■ i • * ' 

"Sta,ff Qualifications for Technical Education % 
Programs," Industrial Xrts and- Vacation- 
A £ al Education — Technical Education Supple-. 
^ jg.. tent, Vol. 5*, No. January',. 1970.- U \ 

tfJStaff" Requirements for Community College 

. Technical Education Programs ;"^ Jerry • 

S«- Dobfovblny, delivered at, the Work- 
^Study Conference on .Pre- Industrial" * • 
Teaching Curriculum for Community- Junior 
. Colleges, Western Michigan; University " 
* Kalamazoo, Michigan, May "12r 16, ,1-969. x 

Technical Education for the Seventies ,; A Re- 
port of the National Clinic on Technical 
Education Programs "Under the Vocational 
- Education tat -of 1963 . Jerry S. * 
*0obrovolny , St." Louis, Missouri, • 
March 26, 27, 28/1969."- V • * 

,' Technic a l Education Yearbook . Ann Arbor", 
~ Ulchigan: Prakken Bublications,- Inc. 

1967- 1968. ■ : ' • • - 4 v. 

"unique Characteristics, of /a Curriculum y&';~y 
Engineer ing^echno logy." Industrials ^ ,» * 
' Arts and Vocational Education-'-Tecftni^al * 
, ^ ' Education Supplement, VolV 58, Hoi' 9^' 



November 



n Supp 



"the Use of »Video Tape Recorders and 'Micro- *4v 

Teaching Techniques to Improve Instruc-^ * 

tion^in Vocational -Technical Programs. 

,in jilinois." Final report of The 

.Department of Vocational and Technical 

Education, University of Illinois,* Urbana, 

Illinois." * "a 

* - < ' 
_ ' • ' . ¥ & " 9 

"What is Technical Ediftation?."r- Ind ustrial - 

* Arts and Vocational Education- -Technical 

. Education Supplement , 58/ No,* 7^ v 

September, 1969. . . . 



